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DETECTION OF THE 


Typhoid-Dysentery 
GROUP 


e Bacto-S S Acar 


is a selective medium especially designed for use in isolation of fastidious Shigella and 
Salmonella strains. The selective action of this medium restrains to a large extent the 
development of coliform bacteria with minimum restriction of fastidious strains of the 
typhoid-dysentery group. Because of the inhibitive action of the medium on coliform 
bacteria, it is possible to inoculate the medium heavily with feces thereby greatly in- 
creasing the chance of positive isolations from samples containing very few pathogens. 


e Bacto-BismutTH SULFITE AGAR 


is a highly selective medium for isolation of Salmonella typhosa. The unusual selective 
properties of this medium permit the use of large inocula of feces and other suspected 
material without overgrowth of extraneous intestinal bacteria. 


e AGAR 


is an excellent differential medium for use in conjunction with Bacto-SS Agar and 
Bacto-Bismuth Sulfite Agar. This medium supports rapid and luxuriant growth of 
even the most fastidious strains of the typhoid-dysentery group. Although MacConkey 
Agar does not inhibit coliform bacteria it does afford excellent differentiation of colon- 
ies of pathogens from those of the lactose fermenting bacilli. 


e Bacto-TETRATHIONATE Brotu Base 


is recommended for the preparation of Tetrathionate Broth to be used as an enrich- 
ment medium in the isolation of intestinal pathogens from stools and other suspected 
material. It is an excellent aid in detection of carriers and in determining the release 
of patients. 


Specify “DIFCO” 
THE TRADE NAME OF THE PIONEERS 


In the Research and Development of Bacto-Peptone 
and Dehydrated Culture Media 


DiFcO LABORATORIES 
DETROIT 1, MICHIGAN 


(257) 


> 
ia 
i 
> 
} 
| 


Editors 
L. A. MERILLAT (editor emeritus), C. R. DonuAm (editor ad interim), J. G. HARDENBERGH, 


HELEN S. BAYLEss. Committee on Journal: W. G. Brock, Joun R. Wetts, and 
W. L. Boyp. 


Research Council 


Anatomy and Histology 
L. E. Sr. Craik, D.V.M., M.S., Ph.D. (Secretary), Professor of Veterinary Anatomy and 
Histology, College of Veterinary Medicine, University of Illinois, Urbana, Ill. (1952). 


Bacteriology (Immunology and Biological Therapy) 
L. C. Fercuson, D.V.M., Ph.D., Associate Professor of Bacteriology, College of Veterinary 
Medicine, The Ohio State University, Columbus, Ohio (1953). 
Biochemistry and Animal Nutrition 
T. J. Jones, D.V.M., Dean, School of Veterinary Medicine, University of Georgia, 
Athens, Ga. (1953). 
Large Animal Medicine 
JAMES FARQUHARSON, D.V.M., Head, Department of Veterinary Surgery and Clinics, 
Division of Veterinary Medicine, Colorado A. & M. College, Fort Collins, Colo. (1953). 
Large Animal Surgery 
A. G. DaNKS, B.S., D.V.M., Professor, Department of Surgery, New York State Veterinary 
College, Cornell Univeristy, Ithaca, N. Y. (1954). 
Parasitology 
. TurRK, D.V.M., Head, Department of Veterinary Parasitology, School of Veterinary 
Medicine, Texas A. & M. College, College Station, Texas (1954). 
Pathology 
Roperick, D.V.M., Ph.D., Head, Department of Pathology, School of Veterinary 
Medicine, Kansas State College, Manhattan, Kan. (1953). 
Physiology and Pharmacology 
<. DETWEILER; V.M.D., M.S., Associate Professor of Pharmacology, School of Veterinary 
Medicine, University of Pennsylvania, Philadelphia, Pa. (1953). 
Poultry Pathology 
C. A. Branpiy, D.V.M., M.S., Chairman, Department of Veterinary Science, 
University of Wisconsin, Madison, Wis. (1954). 
Small Animal Medicine 
. P. Zepr, Sr., D.V.M., Practitioner, 136 West 53rd St., New York, N. Y. 
Small Animal Surgery 
C. F. ScHLtorrHaver, D.V.M. (Vice-Chairman), Associate Professor, Division of 
Experimental Medicine, Mayo Foundation, Rochester, Minn. (1952). 
Veterinary Hygiene 
ANDREW L. MacNasp, V.S., D.V.M., D.V. Se., Principal, Ontario Veterinary College, 
Guelph, Ont. (1952). 
Virus Diseases 
C. H. CUNNINGHAM, D.V.M., M.S., Associate Professor of Bacteriology and Public Health, 
School of Veterinary Medicine, Michigan State College, East Lansing, Mich. (1952). 
X-Ray 
M. A. Emmerson, D.V.M., M.S. (Chairman), Dr. Med. vet. (Zurich), Professor of 
Veterinary Obstetrics, Division of Veterinary Medicine, Iowa State College, 
Ames, Iowa (1954). 
Member-at-Large 
D. A. SANDERS, D.V.M., Head, Department of Veterinary Science, 
University of Florida, Gainesville, Fla. (1954). 


Published quarterly at 600 S. Michigan Ave., Chicago, Ill, by the American Veterinary Medical As- 
sociation. Entered as Second-Class Matter January 31, 1941, at the Post Office at Chicago, Illinois, 
under the Act of March 3, 1879. Reproduction of any part of this publication is prohibited, unless 
special permission is given by the publishers and the authors. Subscription price: $4.00 per year for 
United States and countries affiliated with the Pan American Postal Union; Canada and foreign 
countries, $4.30. Members of the American Veterinary Medical Association may subscribe to the 
American Journal of Veterinary Research for $2.50 per year added to the annual dues of $10.00. 
Single copies $1.25. Address all correspondence to American Veterinary Medical Association. 


(258) 


it 
| 
> 
| 
| 
| 
| 


for simplified 


intravenous procedures... 


Animal-Tested Polyethylene” 


Animal-tested polyethylene is non-irritating, retards clotting, 
has a non-wetting surface. Its flexibility and ease of manipu- 
lation make it ideal for all intravenous therapy procedures 


as reported in the literature.* 


Every batch of Clay-Adams polyethylene tubing and film 
is animal-tested to insure freedom from tissue irritation or 


foreign body reactions. 


Animal-tested polyethylene is now available in 23 sizes of 
tubing. Luer-lock accessories for coupling tubing to syringe 


are also available. 


Order from your local supply dealer. 


*J. Am. Vet. Med, Assn., CXIX, 894, 1951, p. 201 


Clay Adams 


141 East 25th St., New York 10, N. Y. 
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LOOKS LIKE COCCIDIOSIS... 


But What Type? 


While poultrymen often think they can 
recognize cecal coccidiosis, they unques- 
tionably need your professional services 
to diagnose the various forms of intesti- 
nal coccidiosis, and acute fowl cholera. 

Difficult though the latter diagnoses 
may be, treatment can be simplified by 
using Sulfaquinoxaline. It is the one 
available product that prevents and con- 
trols coccidiosis outbreaks in chickens and 
turkeys caused by the seven most damaging 
species of coccidia. Furthermore, it also 
checks immediate mortality in acute 
fowl cholera. 


Easily administered in water or feed, 
Sulfaquinoxaline is available in solutions, 
tablets, soluble powder, and premixes 
from your veterinary pharmaceutical 
manufacturer. 


Up-to-date, authoritative 
facts on Coccidiosis Ther- 
apy are summarized in 
this booklet. It's yours for 
the asking. 


Sulfaquinoxaline 
Merck 
Veterinary 


SULFAQUINOXALINE MERCK 


MERCK & CO., Inc. 


Manufacturing Chemists 
RAHWAY, NEw JERSEY 


In Canada: MERCK & CO. Limited — Montreal 
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Attempts To Produce Bovine Hyperkeratosis 


CARL OLSON, Jr., D.V.M., M.S., Ph.D., and R. H. COOK, D.V.M., M.S. 


Lincoln, Nebraska 


FOR A QUICK understanding of this paper, 
the authors suggest first reading the sec- 
tions on Literature, Discussion, and Sum- 
mary. If further interested in details of 
the experiments, proceed with sections on 
Methods and Results. 


LITERATURE 


Bovine hyperkeratosis (X disease, hyper- 
keratosis, proliferative stomatitis, and esoph- 
agitis) has been recognized as a disease entity 
since the report of Olafson’ in 1947. The etiol- 
ogy of the disease has remained obscure, de- 
spite numerous attempts at transmission or 
production of bovine hyperkeratosis. 

A brief résumé of the reports on attempts 
to produce the disease is in order. Olafson’ 
was unable to cause the disease by large trans- 
fusions of whole blood from affected to test 
animals, the introduction of new animals into 
2. herd, intimate contact between diseased and 
test animals in small crowded stalls, and 
scarification of oral mucosa of test animals 
followed by contact with sick animals. Neither 
was there evidence of transfer of the disease 
to young calves suckling the same cow with a 
calf that had lesions in the mouth. Inoculation 
onto the scarified oral mucosa with mouth 
lesion material from cases of bovine hyper- 
keratosis caused the development of wartlike 
lesions in the mouths of test calves (Olafson 
and Fincher, cited by Hagan*®), The Annual Re- 
port of the New York Veterinary College for 
1944-45° indicated that material taken from 
ulcers of the mouths of cattle with bovine hy- 
perkeratosis and placed on scarified buccal 
mucosa of normal animals led to the develop- 
ment of soft whitish papilloma-like lesions 


From the Department of Animal Pathology and 
Hygiene, University of Netraska, Lincoln. 

Published with the approval of the director as 
paper No. 528 journal series, Nebraska Agricultural 
Experiment Station. 

A contribution from the interregional project en- 
titled “X Disease” (Hyperkeratosis of Cattle), a 
cobperative study participated in by the agricul- 
tural experiment stations and the Bureau of Ani- 
mal Industry, U. S. Department of Agriculture. 


within a week or so. Gibbons’ reported nega- 
tive results from attempted transmission by 
means of association, feeding of material from 
lesions (the type of lesion or material was not 
specified), and the inoculation with blood. He 
did state that rubbing exudate from lesions 
of the mouth onto the scarified tongue of a 
calf would, at times, produce a local reaction 
somewhat similar to the original lesions, but 
no general symptoms of bovine hyperkeratosis 
developed. 

In 1948, Gibbons* reported an experiment in 
which 2 calves, 6 and 3 months old, were ex- 
posed to a calf acutely sick with bovine hyper- 
keratosis. In seven and eight days, the healthy 
calves developed diarrhea and a slight tempera- 
ture. Ulcers and pustules developed in the 
mouth and on the muzzle in eight days. The 
diarrhea lasted from two to three weeks. No 
skin lesions developed and the calves recov- 
ered. From 1 of these calves, blood was ob- 
tained and injected subcutaneously into a 2- 
month-old calf. This calf developed superficial 
erosions in the mouth and a diarrhea from 
which it later recovered. Another calf, 9 
months old, was given blood subcutaneously. 
In five days, it had a reddened mouth and, 
eight days later, an elevation of temperature 
with diarrhea and erosions of the mucosa in 
the mouth. No lesions of the skin developed 
and the calf died two months later from para- 
sitism (coccidiosis and hookworms). 

In 1949, Gibbons* (apparently reviewing these 
latter experiments) briefly described the reac- 
tion as follows. The subcutaneous injection 
with blood from a naturally infected calf 
caused, seven to eight days later, a tempera- 
ture of 104.0 to 105.6 F., red congested and 
superficial erosions of the mucosa in the mouth, 
diarrhea, and leukopenia. He stated that this 
condition did not spread by contact and the 
calves recovered spontaneously in three to five 
days. Fox, cited by Gibbons,‘ is reported to 
have produced a stomatitis and esophagitis 
with infective material from a case of X dis- 
ease. The condition was not associated with 
lacrimation, skin lesions, or proliferative le- 
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sions as seen in the natural disease. Beck’ 
records a negative result in 2 cows inoculated 
with material from 4 affected heifers. He does 
not state the type of material used for inocu- 
lation. 

It therefore appears from the literature that 
two conditions have been produced in experi- 
mental calves with material coming from 
cases of bovine hyperkeratosis. One of these 
conditions was a transient papilloma-like le- 
sion developing on the oral mucosa following 
inoculation with material from a similar le- 
sion of a spontaneous disease on the scarified 
oral mucosa. The second condition was a tran- 
sient elevation of temperature with diarrhea, 
having an incubation period of a little more 
than a week and a course of only a few days. 
Lesions of the mouth associated with this sec- 
ond condition seemed to be superficial erosions, 
hyperemia, stomatitis, and esophagitis. The 
etiological factor of this second condition ap- 
peared to be contained in the blood. 

In none of the attempts at experimental pro- 
duction of bovine hyperkeratosis was there 
development of skin lesions, lacrimation, or a 
train of long-continued symptoms. The obser- 
vations by Olson, Cook, and Brouse* on an out- 
break of hyperkeratosis at Valentine, Neb., 
suggested that some unknown factor or factors 
in the feedstuffs increased the severity of 
symptoms and lesions of the disease. During 
the study of this outbreak, certain experiments 
were initiated in an attempt to produce the 
disease in healthy calves. The purpose of this 
report is to relate these experiments and the 
results obtained. 


METHODS 


The conditions and circumstances surround- 
ing the cutbreak of bovine hyperkeratosis have 
been described in detail.* A supply of pelleted 
supplemental feed that had been fed to the 
calves that developed the disease was available. 
One type of pelleted feed consisted of dehy- 
drated alfalfa. This had been fed to a group of 
10 calves in lot 6 from November, 1948, to Feb- 
ruary, 1949. All 10 calves were affected with the 
disease by February and 8 died during Febru- 
ary, March, and April. This supplemental feed 
will be referred to as lot 6 pellet. A second, 
supplemental pelleted feed was composed of 
97.5 per cent dehydrated alfalfa and 2.5 per 
cent dicalcium phosphate. This supplemental 
feed was given to two lots of calves (2 and 14) 
from November, 1948, to March, 1949. All 10 
calves in lot 2 developed the disease and died 
during March, April, May, and July of 1949. 
Ten calves in lot 14 received the same feed- 
stuff, and all developed bovine hyperkeratosis 
from which 8 died during April, May, June, 
and October, 1949. This pelleted supplement 
will be referred to as lot 2 pellet. A third pel- 
leted supplement consisted of 96 per cent de- 
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hydrated alfalfa and 4 per cent dicalcium 
phosphate. This was fed from November to 
March to 10 calves in lot 5, all of which de- 
veloped bovine hyperkeratosis. Five calves died 
in February, April, May, and August, 1949. 
This supplement will be called lot 5 pellet. 
The general pattern of the above results was 
evident by June, 1949. It seemed advisable to 
initiate some tests while the outbreak of the 
disease was still going on. It was possible to 
obtain calves similar to the original calves. 
These were from the same herd and part of 
the same crop of calves as were involved in the 
outbreak. The difference between the criginal 
group of calves which suffered the outbreak of 
bovine hyperkeratosis and the calves obtained 
in June, 1949, as test calves was that the latter 
had been wintered by a rancher and remained 
healthy. On June 15, 1949, 35 new calves were 
delivered to the Experiment Substation at 
Valentine, Neb. These calves were examined 
individually on June 17 and then placed in 
five lots. The lots were those previously used 
for calves which had bovine hyperkeratosis. No 
attempt was made to clean or disinfect these 
lots, except to remove some of the accumu- 
lated manure. The new calves were placed in 
the lots immediately after sick calves had 
been removed. Four of the lots (11, 12, 13, and 
14) were adjacent to one another. Lots 11 and 
12 and lots 13 and 14 had water tanks in com- 
mon. Lot 15 that lay between lots 14 and 16 
was left vacant. Lot 16 was occupied by new 
test calves and was somewhat isolated by lot 
15. Five new calves were placed in each of 
lots 11, 12, and 13. Ten new calves were placed 
in each of lots 14 and 16. Tests for contact 
transmission of the disease were conducted in 
lots 11, 12, 13, and 14 by adding calves selected 
from the group which was undergoing the out- 
break of bovine hyperkeratosis. Five calves in 
which there had been red crescentic lesions of 
the oral mucosa predominating and still pres- 
ent were added to lot 11. Five calves with 
papilloma of the mouth as the predominating 
lesion and little or no hyperkeratosis of the 
skin were added to lot 12. Five calves in which 
hyperkeratosis of the skin predominated and 
papillomas of the mouth were either absent 
or mild were added to lot 13. Five calves se- 
lected from the original group in which bovine 
hyperkeratosis was marked both from the 
standpoint of lesions of the skin and papil- 
lomas of the mouth were added to lot 14. Some 
of the sick calves placed in contact with the 
new calves died or recovered, and other calves 
with a comparable status of the disease were 
added to test lots 11, 12, 13, and 14. These con- 
ditions were maintained for thirty weeks. The 
test calves were kept in their allotted pens for 
ten weeks after the contact calves were re- 
moved. No calves from the original group with 
bovine hyperkeratosis were added to lot 16. 
The ration for calves in lots 11, 12, and 13 
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consisted of soybean meal (1 Ib. per calf daily) 
as a supplement to prairie hay. Lots 14 and 
16 received prairie hay and a supplement of 
lot 2, 5, and 6 pellets. These were fed at the 
rate of 1 lb. per calf daily, and each type of 
pellet was fed on alternate days. The pellets 
were fed to the calves of lots 14 and 16 for 
seventy-four days. The calves were then fed 
soybean meal as a supplement to the prairie 
hay. 

In order to have some control on environ- 
ment as a possible factor, 10 new calves ob- 
tained at the same time and from the same 
source as the other test calves were put in a 
pen at Lincoln, Neb. These calves had no con- 
tact with sick calves. They were fed lot 2 pel- 
lets for seventy-four days and then continued 
on soybean meal as a supplement to prairie hay. 

Beginning January 20, 1949, 2 calves (51 
and 139) at Valentine were selected for a sec- 
ond course of feeding with lot 2, 5, and 6 pel- 
lets. These replaced the soybean meal supple- 
ment until April 24 (94 days), when soybean 
supplement was again resumed. Three calves 
(48, 144, and 236) at Lincoln were selected 
for an additional course of feeding with lot 2 
pellets, as a replacement for soybean meal 
supplement. This course of feeding was begun 
March 27, 1950, and continued for seventy-four 
days. Four of the 10 calves in Lincoln were 
dismissed from the test on March 27, leav- 
ing 3 calves as controls for the extra feeding 
period. 

Ten to fifteen physical examinations were 
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made of the individual calves at Valentine 
and Lincoln during the observation period. 
The system for rating and evaluating the 
different symptoms and lesions of bovine 
hyperkeratosis developed in a previous study* 
was used in evaluating the results obtained 
in these trials. By this system, hyperkera- 
tosis of the skin characteristic of bovine hyper- 
keratosis (fig. 4 and 5) was scored as 10, defi- 
nite papilloma of the mouth (fig. 1) as 6, 
lacrimation (fig. 5) as 5, salivation as 5, ema- 
ciation as 2, diarrhea as 2, ulceration of the 
oral mucosa (fig. 1) as 2, a lesion called be- 
ginning papilloma (fig. 2 and 3) as 1, eleva- 
tion of body temperature above 103 F. as 1, 
and infection about the head or neck, such as 
abscess of the jaw, as 1. The score for mild 
lesions or symptoms was reduced by one half. 
The data from each examination on an in- 
dividual animal were classified according to 
this numbering system. The sum of the rating 
values was considered as the bovine hyper- 
keratosis score for that particular animal for 
that specific examination. The score for a given 
animal over the entire period of observations 
was obtained by taking the average of the 
scores for each examination. The average value 
for the group of animals was determined by 
averaging the individual scores of the animals. 


RESULTS 


Results from Initial Feeding, Contact, and 
Environmental Exposure.—Previous studies 


TABLE I—Bovine Hyperkeratosis Scores for Calves During a Forty-Week Attempt to Produce the 
Disease. Variables Include Contact with Affected Calves (Degree of Illness Varied) and a Suspected 
Feed Supplement 


Type calves Ne 


Contact (red 
cresentic lesion 
of mouth) 
Test 


Contact (papilloma 
of mouth) 


Test 


Contact 
(skin lesion) 


Test 
Contact (skin and 
oral lesions) 


est 
(suspected feed) 


16 Test 
(suspected feed) 


Test*** 
(suspected feed) 


Lineoln 


calves 


Ave. bovine hyperkeratosis score 
Range (individual ave.) 


Group ave. 


6* 2.79° 1.4 to 3.9 


to 5.4 


to 10.6 


to 2.2 


2.5 to 


to 7.3 


*No more than 5 in pen at any one time. Changes were required because of recovery or death. 


**Bovine hyperkeratosis scores are for period animals were in pen. 


cover a 31-week period only. 


***Data on these calves 


11 
5 2.4 0.4 7 
5 1.8 0.5 
13 7.0 14.1 
14 9° 19.7 13.2 to 24.3 
10 4.0 1.7 to 6.3 
at 


» 
At 
79 
| | j 
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and these results as well, do not define 
what score value becomes significant. The 
score or rating value permits only a very 
general conception of what has occurred. 
For example, the average score of 9 calves 
with bovine hyperkeratosis, during the 
time they were kept with the test calves in 
lot 14, was 19.7 (table 1). Seven of these 
9 calves died with the disease during the 
time they were in contact with the test 
calves. The 8 calves with hyperkeratosis 
of the skin which were kept in contact with 
the test calves in lot 13 had an average rat- 
ing value of 7.0. The 8 calves kept in con- 
tact with the test calves of lot 12 had an 
average rating value of 5.1 (these calves 
had papilloma of the mouth as the predomi- 
nating lesion). The 6 calyes maintained 
with the test calves in lot 11 had a score of 
only 2.7 (these calves could not be consid- 
ered as being affected with bovine hyper- 
keratosis). The average bovine hyperkera- 
tosis score for the test calves in lot 11 was 
2.4; in lot 12, 1.8; in lot 13, 1.9; in lot 14, 
4.0; in lot 16, 3.0; and for the calves at 
Lincoln, 2.9. Considering individual test 
calves for the forty-week period of observa- 
tion, the average scores varied from 0 to 
7.3. None of the individual calves had bo- 
vine hyperkeratosis scores approaching that 
of calves definitely sick with the disease. 
For example, those kept as sick calves in 
lot 14 had scores ranging from 13.2 to 24.3. 

A closer examination of the data becomes 
necessary in order to appreciate certain 
differences between the lots of test calves. 
The symptom of lacrimation was relatively 
common among all of the test calves dur- 
ing the period of observation. Some calves 
showed continuous lacrimation from the 
time they were put on test until the end of 
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the forty-week observation period. Lacri- 
mation as a symptom was somewhat more 
common in all groups of calves during the 
period from forty to eighty days after the 
beginning of the experiment. No one 
group of calves was more markedly affected 
than others. 

Beginning papillomas of the mouth (fig. 
2 and 3) were rather common from forty 
to eighty days after the beginning of the 
experiment in the test calves of lots 14, 16, 
and the group at Lincoln. Among some of 
these calves, definite papillomas (fig. 1) of 
the mouth were observed. Four calves of 
lot 14 showed definite papillomas of the 
mouth. In 1 of these calves, papillomas of 
the mouth persisted from fifty-five to 164 
days after the beginning of the feeding 
period. In lot 16, 4 calves had definite papil- 
lomas of the mouth. One calf of lot 16 had 
papillomas of the mouth from forty-three 
to 133 days after the beginning of the ex- 
periment. Seven of the calves in the group 
at Lincoln had beginning papillomas of the 
mouth, but none showed definite papillomas 
at any time. 

Sixty days after the start of the experi- 
ment, some calves in lots 14, 16, and the 
group at Lincoln began to develop derma- 
tosis on the dewlap and lower neck. Initi- 
ally, this was manifest as a dandruff in a 
mild form. Later, the dandruff was more 
marked and the epithelium was scaly with 
thickening of the skin. The texture of the 
skin remained pliable and did not become 
tough and leathery as the skin in typical 
bovine hyperkeratosis. This type of lesion 
was very mild and transient in 5 of the 15 
test calves of lots 11, 12, and 13. The derma- 
tosis was not evaluated in the scoring sys- 
tem. 


Legends for Figures on Opposite Page 


Fig. |—Multiple oral papillomas about left incisor teeth in a case of bovine hyperkeratosis. A large 
ulcer is evident at the right corner of the dental pad. On the left front corner of the dental pad is 
a lesion called beginning papilloma. 

Fig. 2—Beginning papillomas on gum area behind incisors in a case of bovine hyperkeratosis. 
Fig. 3—Papillomas about left incisor teeth and beginning papilloma lesion on gum area behind right 
incisors, 

Fig. 4—Skin area near withers and neck of calf 236 showing hyperkeratosis, loss of hair, and fissures 
typical of bovine hyperkeratosis. Photograph was taken 404 days after beginning of experiment. 
Fig. 5—Calf 144 with hyperkeratosis lesions on skin of neck and shoulders and staining of hair under 
eye from excessive lacrimation. Photograph was taken 475 days after beginning of experiment and 
eight days before death. 

Fig. 6—Section of liver from calf 236, experimental bovine hyperkeratosis, showing focal “balloon” 
degeneration of liver cells. x 240. 
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Definite hyperkeratosis of the skin over 
the top of the neck, shoulders, and sides of 
the neck was noted in 2 calves in lot 14, 
133 days after the beginning of the experi- 
ments. These lesions were not very exten- 
sive. Seven calves in lot 16 had mild but 
definite lesions of the skin typical of bovine 
hyperkeratosis 164 days after the begin- 
ning of the experiment. These lesions con- 
tinued mild and had disappeared in 4 of 
the calves at 291 days. Very mild hyper- 
keratosis was noted in 1 calf of the Lincoln 
group at 111 days and in another calf 139 
days from the beginning of the experiment. 
These continued mild in character. Two 
other calves had shown similar lesions by 
214 days. By the 273rd day of the experi- 
ment, these mild skin lesions were present 
in only 2 of the calves. 

In general, the two lesions of bovine hy- 
perkeratosis, papillomas of the mouth and 
characteristic skin lesions, were noted in 
those groups of test calves that were being 
fed the pelleted’supplements suspected of 
being associated with bovine hyperkera- 
tosis. The test calves maintained in con- 
tact with calves from the original outbreak 
of the disease, and fed prairie hay and soy- 
bean meal, did not show definite evidence of 
bovine hyperkeratosis. 


Results from Additional Feeding of Sus- 
pected Peliet Supplement.—Thirteen test 
calves were selected that had developed 
symptoms and lesions of bovine hyperkera- 
tosis to a mild extent as a result of the 
first course of feeding with suspected pel- 
lets. Two calves (51 and 139) of lot 14 
were given an additional feeding of sus- 
pected pellets. Five other test calves (27, 
83, 78, 86, and 110) from lots 14 and 16 
were not given the suspected feed but were 
held for comparison with those that did 
receive the additional feeding of the sus- 
pected pellets. Six calves of the group of 10 
at Lincoln were also selected for the in- 
vestigation of additional feeding of pellets. 
Calves 48, 236, and 144 received the sus- 
pected pellets, and calves 36, 66, and 129 
were held as ‘controls. Since the second 
course of feeding was merely an extension 
of the original experiment, the entire in- 
vestigation must be regarded as a single 
experiment and results from both courses 
of feeding are presented together. 

All of the 5 calves receiving the addi- 
tional course of feeding with suspected pel- 
lets died with the disease. None of the 8 
calves receiving a single course of feeding 
with suspected pellets died. 

Dermatosis of the dewlap and neck was 


TABLE 2—Time and Duration of Some Lesions of Bovine Hyperkeratosis in Experimental Calves* 


Dermatosis 
of dewlap 
and neck 


Highest score 
and day of 
exper. noted 


Calf 


48 
died 40 to 111** 
236 
died 


144 
died 


60 to 167 


60 to 214 


died 43 to 164 


139 
died 43 to 133 
60 to 303 
40 to 303 
40 to 303 
105 to 291 
105 to 291 
76 to 291 


10 @ 291 76 lo 291 


110 8 @ 164 55 to 291 


*All calves received suspected feed for the first seventy-four days of 
a second course of suspected feed from the 281st to the 335th day of 


236 received 


48, 144, and 


hyperkeratosis 


Papilloma of mouth 
Mild or beginning Extensive 
or definite 


Typical 


214 to 360 40 to 84 


139 to 404 


357 to 483 40 to 60,355, 


133 to 395 43 to 133 


133 to 400 55 to 291 
40 to 84 
167 to 303 
111 to 303 
164 to 208 
208 34 to 133 


164 to 208 55 to 76, 164 43 to 133 


164 to 411 
43 to 105 


164 to 291 


the experiment. Calves 


the experiment. Calves 51 and 139 received a second course of suspected feed from the 215th to 


the 309th day of the experiment. 


**40 to 111 indicates that lesions were noted from 40 to 111 days after the beginning of the 


experiment. 
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first noted from forty to 105 days after 
the beginning of the experiment. This con- 
dition tended to last longer (up to the 291st 
to 303rd day of the experiment) in the 
calves receiving only one course of sus- 
pected pellet feeding than in those calves 
which had two courses of feeding (table 2). 
Hyperkeratosis of the skin, typical of bo- 
vine hyperkeratosis but mild in character, 
occurred in all but 1 of the 13 calves. Hy- 
perkeratosis of the skin was apparent in 
most of the calves by the 164th day of the 
experiment. Hyperkeratosis persisted and 
became generalized and severe in the 5 
calves receiving the additional feeding of 
suspected pellets. The hyperkeratosis was 
mild and disappeared in the calves receiv- 
ing only one course of suspected pellets. 
Details of these data are given in table 2. 
Hyperkeratosis of the skin was not noted 
in calf 144 until late in the experiment 
(357th day). However, the preceding physi- 
cal examination was two months prior to 
this time, and the condition may have de- 
veloped between the two examinations. Calf 
144 was showing evidence of recovery from 
bovine hyperkeratosis by the 450th day of 
the experiment. At this time, it was quite 
anemic (erythrocytes, 3,200,000 per cmm.; 
hemoglobin, 8.2 Gm. per 100 ml. of blood) 
but the numbers of leukocytes and body 
temperature were normal. There was no 
evidence of secondary infection. The skin 
lesions were somewhat less severe (fig. 5). 
Lacrimation was still present. The appetite 
of the calf was good. On the 483rd day of 
the experiment, the calf was killed because 
of marked anemia. 

Mild or beginning papillomas of the 
mouth were observed in 9 of the 13 test 
calves beginning about the fortieth day 
of the experiment and lasting for a vari- 
able length of time (table 2). Definite papil- 
lomas of the mouth occurred in only 2 of 
the calves. These were recorded for calf 
139 on the seventy-sixth, 164th, and 305th 
days of the experiment. In addition, this 
calf had shown mild or beginning papil- 
lomas of the oral cavity from the fifty-fifth 
to the 29lst day. Definite papillomas were 
also noted in calf 78 from the forty-third 
to the 133rd day. 

The scores for bovine hyperkeratosis 
have more significance in this continuation 
portion of the experiment. The highest 
scores were generally noted at the time of 
death of the calves. The scores varied from 


17.0 to 30.0 for the 5 calves receiving the 
additional course of feed. The highest 
scores for the calves receiving only one 
course of the suspected feed varied from 
5.0 to 12.0. The time at which these high 
scores were noted varied from the seventy- 
sixth to the 29lst day of the experiment 
(table 2). 

Biopsies of the liver were made on the 
6 calves in the Lincoln group on the 350th 
day of the experiment. There was moderate 
fatty metamorphosis of the liver cells in 
all of the biopsy specimens. The liver speci- 
men from calf 236 showed, in addition, mild 
lymphocytic infiltration in some of the 
periportal areas. The bile ducts in these 
infiltrated portal triads were multiple and 
showed some evidence of mild proliferation. 
There were no significant differences be- 
tween the two groups of calves. 

Necropsy Findings on Experimental 
Calves that Died with Bovine Hyperkera- 
tosis.—Since details of the necropsy find- 
ings on the calves would be repetitious, the 
data for calf 236 will be given in detail and 
the findings for calves 48, 51, and 144 in 
only a brief form. 

Calf 236.—On Aug. 9, 1950, the calf was 
found lying flat on its side and unable to 
rise. Examination of the blood revealed: 
hemoglobin, 6.34 Gm. per 100 cc. of blood 
and 3,200,000 erythrocytes per cubic milli- 
meter of blood. The total number of leuko- 
cytes per cubic millimeter of blood was 
15,373. The differential count of leukocytes 
was as follows: lymphocytes, 3,997; neutro- 
phils, 10,839; young neutrophils, 384; 
monocytes, 115; and eosinophils, 38 per 
cubic millimeter of blood. Rectal tempera- 
ture was 100.3 F. Since the animal was 
obviously near death, it was killed by elec- 
trocution. The skin over the upper half of 
the trunk, the neck and shoulders, in the 
escutcheon, and over the scrotum was 
thickened in the manner characteristic for 
bovine hyperkeratosis. There was partial 
loss of hair over the neck and shoulders. 
Hyperkeratosis was very marked in the 
region of the neck and shoulders and there 
was both deep and minor fissuring of the 
keratinized epithelium (fig. 4). The hair 
below the left eye was stained from lacri- 
mation. Visible mucous membranes were 
markedly anemic but there was no evidence 
of icterus. The liver was somewhat en- 
larged with rounded edges and the color 
was red-brown. There was a healed scar 
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at the site of the liver biopsy with no 
adhesions present. The gall bladder was 
markedly enlarged and contained normal- 
appearing bile. At the distal end of the 
gall bladder, there were several large cystic 
structures (fig. 7) covering an area ap- 
proximately 5 cm. in diameter. The wall of 
the gall bladder itself was somewhat thick- 
ened and perhaps edematous. One fairly 
large (1 cm. in diameter) mucous cyst was 
present in the hepatic duct (fig. 7). The 
cut surface of the liver was normal except 
for the rather brownish color. Lymph nodes 
throughout the viscera were somewhat en- 
larged and relatively firm. The kidneys 
were essentially normal. The _ intestinal 
tract was examined throughout and was 
normal. Hydropericardium was _ present. 
The descending coronary artery of the left 
ventricle was surrounded by an area of 
fibrosis, approximately 2 cm. in diameter. 
The heart muscle was otherwise normal. 
The ventral portion of the left thoracic cav- 
ity contained a mass of purulent fluid. This 
occupied about one-half of the left chest 
cavity and compressed the lung upwards. 
The right chest cavity contained a moder- 
ate excess of clear pleural fluid. A chronic 
ulcer approximately 2 by 6 cm. was present 
near the base of the tongue on the left 
side. 

Histology.—In the liver, there were scat- 
tered areas of degenerating liver cells. 
These were focal and involved from one or 
two cells to approximately 50 in each focus. 
In these areas, the cytoplasm of the liver 
cells was represented by a large, clear vacu- 
ole (fig. 6). In some of the larger foci, 
there was mild hemorrhage. There was no 
definite evidence of hyperplasia of the 
biliary tree. The wall of the gall bladder 
was edematous, with the edema extending 
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from the mucosa through the muscularis 
(fig. 9). The glands below the epithelial 
lining were dilated and cystic (fig. 8 and 
9). There was hyperplasia of the lining cells 
in some of the cystic glands. In some areas, 
there was a mild lymphocytic infiltration 
about some of the glands. A few hyalin 
casts were found in some of the terminal 
tubules of the kidney. There was a sugges- 
tion of dilation of some of the tubules but 
this was not particularly marked. The he- 
patic lymph node showed hyperplasia of the 
cortex, in which the clearly defined germinal 
centers were surrounded by masses of lym- 
phocytes. There was a mild fibrosis in the 
medulla. The lesion about the left coronary 
artery was a mass of fibrosis with no evi- 
dence of active infection. The skin showed 
marked hyperkeratosis (fig. 11). There 
was marked irregularity and elongation of 
the rete pegs (digital prolongations of the 
epidermis into the corium) and _ small 
lymphocytic infiltrations in the papillae, 
particularly about the smaller arterioles. 
In some of the papillae, there was mild 
hemorrhage near the tip. The malpighian 
layer was thin. 

In summary, the characteristic hyper- 
keratosis of the skin, cystic and edematous 
condition of the gall bladder and hepatic 
duct, anemia, and suggested dilation of 
tubules of the kidney were typical of bovine 
hyperkeratosis. The empyema was prob- 
ably directly responsible for the moribund 
condition of the calf. The leukocytosis of 
heterophils was no doubt associated with 
empyema. 

Calf 48.—This animal died on a very hot 
night, June 18, 1950, and the carcass was 
in poor condition at the time of necropsy. 
There was definite characteristic hyper- 
keratosis of the skin over the neck, shoul- 
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Fig. 7—Interior exposure of gall bladder and bile ducts with portion of liver from calf 236, experi- 
mental bovine hyperkeratosis. Note large cysts in lower portion of gall bladder and thickening of wall. 
Smaller cysts are also présent in hepatic duct. 

Fig. 8—Section through hepatic duct of calf 236 (see fig. 7) at location of grossly apparent cyst. 
Note the dilatation of mucous glands. x 55. 

Fig. 9-——Section through gall bladder of calf 236 (see fig. 7) at location of large cystic structures. 
Note dilatation of mucous glands and marked edema in muscularis. x 36. 

Fig. 10—Section of liver ‘from calf 51, experimental bovine hyperkeratosis, showing marked cirrhosis 
and some regeneration of bile ducts. x 55. 

Fig. |!—Section of skin from calf 236, experimental bovine hyperkeratosis. Marked hyperkeratosis 
with elongation of rete pegs (digital prolongations of the epidermis into the corium) is especially 
evident. x 26. 
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ders, and back. A papilloma-like lesion was 
present on the ventral surface of the 
tongue. There were several ulcers 3 to 4 
mm. in diameter in the esophagus. The 
gastrointestinal tract was examined in its 
entirety and found essentially normal. The 
cause of death in this animal could not be 
determined. However, the hot, sultry 
weather, together with impaired heat regu- 
lation because of the skin lesions, might 
suggest heat exhaustion as a contributory 
cause. 


Calf 51.—This animal died on July 19, 


1950. Corneal abscesses in both eyes had 
been present for one month. Rapid emacia- 
tion was noted for six weeks prior to death, 
' and during the week preceding death the 
' calf had a very poor appetite. The skin of 


the body was extensively involved with le- 


' sions characteristic of bovine hyperkera- 
f tosis. There was extensive infection includ- 
ing abscesses of the lungs, empyema, and 
' multiple abscesses of the liver. Histologic- 


ally, there was marked cirrhosis of the 
liver with relatively little parenchymatous 
tissue remaining (fig. 10). There was defi- 
nite evidence of proliferation of bile ducts 


_in the portal triads. The larger bile ducts 


were filled with cellular debris and the 
ducts were surrounded with inflammatory 
cell infiltration, principally neutrophils. The 
fibroblastic wall about the abscesses in the 


‘liver were poorly developed. The barrier 


was principally an infiltration of neutro- 
phils. The cause of death of this calf was 
apparently secondary infection. 

Calf 139.—This calf died July 24, 1950. 
The characteristic hyperkeratosis and 
thickening of the skin were rather general- 


* ized. Numerous ulcers were noted in the 


mouth, esophagus, and pharynx. There was 
some localized pneumonia and abscesses in 
the posterior portion of the lungs. The 
cause of death of this calf was not appar- 
ent from necropsy findings. 

Calf 144.—This calf was nearly dead 
from anemia (erythrocytes, 1,750,000 per 
cmm.; hemoglobin, 3.57 Gm. per 100 ml. of 
blood) when killed on Oct. 27, 1950. Hyper- 
keratosis of the skin was very marked. One 
small but definite papilloma was present 
on the hard palate, and several small but 
distinct papillomas were found in the upper 
cervical portion of the esophagus. There 
was a marked enteritis of the small intes- 
tine and a very heavy infestation with 
hookworms (Bunostomum phlebotomum*). 
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Some nodular worms (O¢esophagostomum 
radiatum*) were found in the cecum. 


DISCUSSION 


The results obtained rather clearly dem- 
onstrate the existence of something in the 
suspected feedstuff that was capable of in- 
citing bovine hyperkeratosis in the test 
calves. This confirms what previous studies 
had suggested.*** The 15 test calves main- 
tained in contact with calves from the 
original outbreak of bovine hyperkera- 
tosis in lots 11, 12, and 138 failed to develop 
significant lesions of bovine hyperkeratosis. 
This tends to rule out the possibility of 
contagion or transmission of the disease to 
susceptible calves. This agrees with reports 
of Olafson,? Gibbons,” and others. Further- 
more, if contagion were even a partial fac- 
tor, then the calves in lot 14, which were 
both fed the suspected feed and maintained 
in contact with diseased calves, should have 
had more evidence of bovine hyperkera- 
tosis than the test calves of lot 16. This 
was not observed. 

The development of bovine hyperkera- 
tosis among the test calves maintained in 
a pen in Lincoln to a degree equal to that 
noted in the test calves in lots 14 and 16 
at Valentine would rule out environment 
as a factor in the causation of the disease. 

One factor not adequately controlled in 
these trials was the stock of calves used. 
They were deliberately selected from the 
same stock as that of calves involved in 
the original outbreak of the disease. There- 
fore, the possibility exists that either the 
stock of calves used was particularly sus- 
ceptible to the disease or harbored a hypo- 
thetical agent which was stimulated by the 
type of feeding in these experiments. Evi- 
dence denying this possibility is suggested 
by the fact that 3 calves, which were not of 
the same stock and were on the Valentine 
premises during the original outbreak, de- 
veloped bovine hyperkeratosis.* These 3 
calves had been fed lot 2 pellets. 

The results obtained in the experiments 
described in this report do not completely 
explain the observations from the original 
outbreak. In the original outbreak, definite 
hyperkeratosis was evident and deaths from 
the disease occurred within three months 

*Dr. L. V. Skidmore kindly examined and iden- 
tifled these parasites 

**Since this was written, Olafson and McEntee 
(Cornell Vet., $4, (1951): 107-109) reported experi- 


mental production of bovine hyperkeratosis with 
a feed concentrate. 
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from the beginning of the feeding period. 
In this experiment, hyperkeratosis of the 
skin was not apparent until after at least 
five months of the experiment and then only 
to a mild degree. The first calf died nearly 
a year after the beginning of the feeding 
period. One difference between the two 
groups was the age of the calves at the 
beginning of the experiment. In the origi- 
nal outbreak, the calves were about 8 
months old when first placed on the experi- 
mental feedstuffs. In the currently reported 
experiment, the animals were approximately 
15 months old at the beginning of the trials. 
Several reports and our own observations 
on field outbreaks of bovine hyperkera- 
tosis indicate the disease to be more com- 
mon and more severe in animals ranging 
from 6 to 12 months of age. There may, 
therefore, be a relation between age and 
susceptibility to the causative factors of 
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this disease. In another series of experi- 
ments, a test calf 4 months old developed 
lacrimation and skin lesions typical of bo- 
vine hyperkeratosis after being fed lot 2 
pellets for five weeks. This also suggests 
the effect of age. 

A study of the relationship between pe- 
riod of feeding the suspected feedstuff and 
the development of the different symptoms 
was interesting. Certain data are diagram- 
matically portrayed in fig. 12. The group of 
9 calves were survivors of 40 calves in lots 
2, 5, 6, and 14. They were fed suspected 
pellets for 174 days. They were about 8 
months old at the beginning of the feeding 
trial. The other two groups of 5 and 8 
animals were 15 months old at the begin- 
ning of the feeding trials. In general, lacri- 
mation and papilloma were symptoms that 
occurred relatively soon after the begin- 
ning of feeding and disappeared before the 
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Fig. 12—Diagram of time relationship between symptoms of bovine hyperkeratosis and feeding of 
suspected feed. End points represent avera:e for the group. Arrows indicate lack of definite end 
point. The group of 9 calves on su:pected feed for 174 days was survivors from the original outbreak 
of the disease and, while the data do not indicave the beginning of symptoms, the relation to recovery 
is shown. Hyperkeratosis of the skin was very mild beyond 400 days. The group of 8 calves fed sus- 
pected feed for seventy-four days all recovered, and ranges for existence of lesions are shown in 
table 2. The group of 5 calves given suspected feed for two periods all died. Individual data are given 
in table 2. The second period of feeding represents the average for the calves of this group. 
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hyperkeratosis of the skin in those calves 
that recovered. Among the 13 animals fed 
for an initial period of seventy-four days, 
typical hyperkeratosis of the skin was, on 
the average, not recognized until much 
later (table 2 and fig. 12). Dermatosis of 
of the skin existed prior to the hyperkera- 
tosis. In this group of 8 calves, dermatosis 
of the skin persisted after hyperkeratosis 
of the skin disappeared. In the 5 calves 
that died from experimental bovine hyper- 
keratosis, the dermatosis appeared to blend 
into the lesion of typical hyperkeratosis of 
the skin. The average point at which hyper- 
keratosis became apparent among the 5 
calves that died is abnormally high, because 
1 calf showed these symptoms at 357 days, 
thus raising the average. Papillomas lasted, 
on the average, longer in the 9 calves of the 
original outbreak and among the 5 calves 
that died than in the group of 8 calves 
fed for a short time and recovered from 
experimental bovine hyperkeratosis. Lacri- 
mation was noted for the shortest time 
among the group of calves receiving the 
smallest amount of suspected feed. Lacri- 
mation among the group of 5 calves that 
died began, on the average, at fourteen 
days. This low value exists because several 
of the calves had lacrimation when the ex- 
periment was started..Although lacrimation 
at this time was obviously from some other 
-ause, it could not be distinguished from 
lacrimation associated with bovine hyper- 
keratosis. In some calves of this group, 
lacrimation continued until the time of 
death. 

The demonstration of an association be- 
tween the particular feedstuffs used in these 
experiments and the development of bovine 
hyperkeratosis in the calves receiving these 
feedstuffs does not help to explain the ex- 
istence of bovine hyperkeratosis to a mild 
degree in certain of the calves of the origi- 
nal outbreak. Some of the lots of calves did 
develop mild bovine hyperkeratosis but 
received a supplemental feed of a different 
composition and having no natural feed ele- 
ments similar to those fed the calves in 
the current experiments. The reason for 
these discrepancies may or may not become 
apparent as more is learned about the cause 
of bovine hyperkeratosis. 

Speculation as to the nature of the factor 
or factors in the supplemental feed which 
has been associated with bovine hyperkera- 
tosis would be guess work at this time. 
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Chemical analyses of the suspected feed 
has provided no conclusive evidence.** Work 
is now under way in an attempt to learn 
more concerning the nature of these sus- 
pected feedstuffs. 

The development of severe parasitism in 
1 test calf with bovine hyperkeratosis while 
3 other calves not affected with bovine hy- 
perkeratosis in the same pen remained 
relatively free of the parasites suggests an 
increased susceptibility to parasitism. An 
increased susceptibility to bacterial infec- 
tions associated with bovine hyperkeratosis 
has been suspected previously. 


SUMMARY 


Bovine hyperkeratosis developed in ex- 
perimental calves after they had been fed 
a supplemental feedstuff left over from a 
feeding trial in which bovine hyperkeratosis 
developed among the calves. The new calves 
in which the disease was produced were of 
the same stock but were older than the 
calves involved in the original outbreak. A 
longer time and more feedstuff than in the 
original outbreak was necessary to produce 
the disease in older test calves. Bovine hy- 
perkeratosis was developed in calves away 
from the environment of the original out- 
break, thus eliminating environment as a 
factor. Test calves receiving the suspected 
feedstuff, and also in contact with sick 
calves, showed no more evidence of bovine 
hyperkeratosis than calves fed the sus- 
pected feed and having no contact with 
calves affected with bovine hyperkeratosis. 
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*Since this was written, McEntee, Hansel, and 
Olafson (Cornell Vet., 41, (1951): 237-239) have 
found a toxic fraction in the ether extract of the 
feed concentrate investigated by them. Correlation 
of Wagener’s recently published (J.A.V.M.A., 119, 
(1951): 133-137) observations associating a wood 
preservative with hyperkeratosis will require fur- 
ther investigation. 
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Relative Sensitivity of Different Skin Areas of Cattle 
to Intradermal Tests 


L. A. BAISDEN, M.S., Ph.D.; AUBREY LARSEN, D.V.M.; T. H. VARDAMAN, D.V.M. 
Washington, D. C., and Auburn, Alabama 


JOHNSON,! Wadley,” and Larsen et al.* have 
pointed out that different skin areas of cat- 
tle differ in their sensitivity to tuberculin 
when it is injected intradermally. Areas of 
high, low, and average sensitivities (neck, 
back, and sides, respectively) have been 
designated by these workers. However, nu- 
merical values of the relative sensitivities 
of these areas have not been determined. 
This paper presents the results of experi- 
ments which allow the determination of the 
numerical values of the following four 
areas: the back, the upper sides, the lower 
sides, and the areas starting from about 
3 to 4 in. below the top of the neck and ex- 
tending down and back over the front flank 
on both sides of the animal and called, in 
this work, the neck. 


EXPERIMENTAL 


Seventy cattle which did not react to intra- 
dermal tuberculin and johnin tests were di- 
vided into seven groups of 10 each. Two groups 
were sensitized to heat-killed Mycobacterium 
tuberculosis var. bovis by the intraperitoneal 
route, two groups were similarly sensitized to 
Mycobacterium paratuberculosis, one group was 
sensitized to Mycobacterium tuberculosis var. 
hominis, cne group to Mycobacterium tuberculo- 
sis var. avium, and one group to Mycobacterium 
phlei. Groups sensitized to organisms other 
than the bovine strain of M. tuberculosis were 
included, because these organisms have been 
considered in connection with no-visible lesion 
cases.* 

Quadruplicate tests of four concentrations of 
each of four materials (three tuberculins and 
one johnin) were made on each of the 70 cat- 
tle, i.e., one replication on each of the four 
areas mentioned above. Each composite area 
(corresponding areas on each side of an ani- 
mal) thus received 16 injections, a total of 
1,120 injections per area. 

The skin thickness at the site of an injection 
was measured before the test and again forty- 
eight hours afterwards with the dermal thick- 
ness gauge of Kummer and Johnson.® 


From the Pathological Division, Bureau of Ani- 
mal Industry, Agricultural Research Administra- 
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Auburn, Ala. (Larsen and Vardaman). 


TREATMENT OF DATA 


By the use of biometric methods discussed 
by Wadley,* ° estimates of the relative sensitivi- 
ties of the four skin areas of an animal were 
arrived at for each of the seven groups. They 
are shown in the accompanying table. These 
estimates depended upon the fact that when 
the fMsponses from the varicus dilutions of a 
material are plotted against the logarithms of 
the concentrations, a straight line relationship 
is obtained which permits the estimation of the 
concentration of the material required to pro- 
duce a given reaction. The difference between 
the logs of the concentrations required for each 
of two materials to produce a given reaction is 
the log of the ratio of their potencies. This fact 
permits the estimation of the potency of un- 
known material in terms of the potency of a 
standard. Similarly, the sensitivities of various 
areas of the skin. can be estimated in terms of 
an area which is selected as having a standard 
sensitivity. In this work, the back region was 
selected as the standard and assumed to have 
a sensitivity of unity. 

An estimation of relative skin sensitivities 
of different guinea pigs was made, by methods 
similar to those described above, by Long and 
Miles.’ Their study indicated that thyroxine 
increased the skin sensitivity of guinea pigs to 
tuberculin, whereas cortisone or ACTH de- 
creased it. 

In studying the data, two alternative proce- 
dures were possible, both leading to the same 
values for the relative sensitivity of the areas 
for the tests on each group of cattle. One pro- 
cedure was to compare the sensitivity of the 
different areas using the results of the four 
materials separately and averaging the four 
values obtained for each area. The second was 
to average the increases in skin thickness of 
the corresponding concentrations of the four 
materials on each area and arrive at a single 
value for the relative sensitivity of the differ- 
ent areas. The latter procedure was selected as 
being the more convenient. 


DISCUSSION OF RESULTS 
The table shows that only in the group 
designated as M. paratuberculosis group 1 
was there no significant difference between 
the back area and any of the other areas. 
In four of the seven groups of cattle, the 
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upper side area proved to be significantly 
more sensitive than the back. In six groups, 
the lower side was significantly more sensi- 
tive than the back and, in two, it was signifi- 
cantly more sensitive than the upper side. 
In five groups, the neck was significantly 
more sensitive than the back and the upper 
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side and, in one, it was significantly more 
sensitive than the lower side. 

The average relative sensitivities shown 
in table 1 indicate a gradual increase from 
the back down over the sides and to the neck 
region, The upper side is about 134 times 
as sensitive as the back; the lower side 


TABLE !—Variation in Sensitivity of Different Areas of the Skin of Cattle 


Group 


Mycobacterium 
tuberculosis var 
bovis group 1 


M. tuberculos's 
var. bovis 
group 2 


Mycobacterium 
paratuberculosis 
group 1 


M. paratuber- 
culosis 
group 2 


Mycobacterium 
tuberculosis var 
hominis 


Mycobacterium 
tuberculosis var. 
avium 


Mycobacterium 
phlei 


Average 
of 7 groups 


*Means that 
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Average 
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Upper side 
Lower side 
Neck 


Back 
Upper side 
Lower side 
Neck 
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of 


back 


difference is 


Significance 
difference 
in sensitivity 
between 
areas in 
2nd column 
and 
unper 
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* 
** 


Statis- 


tically highly significant. *In all instances, the black area was considered as the standard, "Lower 
side found to be significantly less sensitive than the neck in this instance. 
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SENSITIVITY OF SKIN AREAS OF CATTLE 


about 21% times, and the neck about 234 to 
3 times as sensitive. Johnson! and Larsen 
et al.“ have reported that the skin of the 
region of the caudal fold and vulva is less 
sensitive than that of the back. Although 
not so many tests could be made on this 
skin region as on the areas studied in the 
present work, the evidence of Johnson and 
Larsen et al., obtained from tests carried 
out on experimental animals, and in the 
field, as reported by Swindle et al.,* indi- 
cates that the relative sensitivity of this 
region must be less than 1.0. It is evident, 
therefore, that skin tests on the caudal fold 
or vulva are not so likely to elicit reactions 
from animals of low sensitivity as are tests 
on the neck. It is equally evident that tests 
on the neck would produce more no-visible 
lesion cases if used routinely in the field. 
For this reason, cervical testing is reserved 
for study of problem herds in which re- 
peated testing has failed to clear up a source 
of infection. 


SUMMARY 


Tests of tuberculins and johnin at four 
levels on each of four areas—the back, upper 
side, lower side, and neck—on 70 artificially 
sensitized cattle have furnished data which 
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permitted the estimation of the relative 
sensitivities of these areas. 

Assuming an estimate of 1 for the back, 
the estimate for the upper side is 154; for 
the lower side, 242; and the neck, 254 to 3. 
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The Cytological Changes in the Cervical Mucosa of the Cow 
(Bos Taurus) Throughout the Estrous Cycle 


JOHN B. HERRICK, D.V.M., M.S. 


Ames, Iowa 


THE GENERAL adoption of artificial insem- 
ination of cattle in the United States has 
focused attention on the need for greater 
knowledge of the physiology of reproduc- 
tion in both sexes of the species Bos 
taurus. The present-day techniques of ar- 
tificial insemination center around the cer- 
vix uteri. 

The normal histological picture of the 
cervical mucosa during the entire estrous 
cycle of an individual animal has not been 
previously determined. Furthermore, the 
available literature fails to show that any 
attempts have been made to differentiate 
between mucus-secreting cells and pos- 
sible other types of epithelial cells pres- 
ent in the mucous membrane of the cervix 
uteri, nor has an attempt been made to 
study the cyclical cellular changes in an 
individual animal. 

The purpose of this investigation was to 
review the literature of histology and ana- 
tomy of the cervix and, by histological 
study, to determine: 

1) The type of epithelium in the cervix. 

2) The kind of cells that produce mucus. 

3) The distribution of mucin-producing 
cells (so-called goblet cells). 

4) The cytological changes which occur 
in the cervical epithelium throughout the 
estrous cycle. 

Most of the studies of the cervix have 
been incidental to the entire histological 
investigations of the reproductive tract as 
a whole, without detailed study of the cer- 
vix alone. These investigations have not 
been concerned with the cyclical cellular 
changes in 1 individual but have been a 
composite of observations of several dif- 
ferent animals. Heape,® Papanicolaou,!* 
Allen,' and Long and Evans” studied the 
cycle of experimental animals. Frei and 
Metzber,* Cole,*? Brown,*? and Hammond® 
studied the various changes which occur 

Condensed from a thesis submitted to the grad- 
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fillment of the requirements for the degree of 
master of science. 
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in the genital tract of the cow during the 
estrous cycle and pregnancy. Iowa workers 
—Murphy,'® Zupp,'* Humman,? and Mc- 
Nutt!!—reported the cellular changes 
which occurred in the tubular female geni- 
talia of Bos taurus during estrus. Due to 
conflicting terminology and incidence of 
variation between animals used in these 
widespread studies, the histological picture 
of the mucous membrane of the cervix dur- 
ing the entire estrous cycle of an individual 
cow needs further investigation. 


MATERIALS AND METHODS 


The cervices from packinghouse specimens 
were obtained and studied but due to lack of 
breeding history were not used. Four cows 
with normal breeding histories were obtained 
from Iowa State College dairy herd. An in- 
strument was designed to obtain a section of 
tissue from the posterior and middle cervix of 
these cows every day of their cycle. A metal 
vaginal speculum was used to expose the pos- 
terior os of the cervix. With the aid of an 
illuminating headpiece, the instrument was 
easily guided to the cervix. By opening the 
jaws of the forceps and with slight pressure 
forward and closing again, the writer was able 
to secure a section of the mucous membrane. 
This technique made it possible to select a 
female with known breeding history and ob- 
tain tissue every day of the cycle. 

The fresh tissue from each of the 4 cows 
studied was immediately placed in 10 per cent 
formalin solution. After fixing took place for 
twenty-four hours, the tissue was dehydrated 
by the dioxane method, infiltrated with paraf- 
fin, and embedded. The tissues were sectioned 
8 u thick, mounted, and dried for twenty-four 
hours before they were stained. 

The staining technique was first that of rou- 
tine hematoxylin-eosin; later a mucin stain 
was used. The latter, Mayer’s mucicarmine, 
was used to determine what cells in the mucous 
membrane of the cervix were capable of pro- 
ducing mucus. The epithelial cells were meas- 
ured by the use of a filar micrometer and oil- 
immersion objective. 

The cows were examined per rectum after 
the completion of the biopsy work, and no 
abnormality could be palpated on the cervix, 
except in 1 Jersey cow. Therefore, the tissue 
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sections from her cervix are not included in 
this study. 

The results from the tissue studies of estrus 
and the sixth, fourteenth, seventeenth, and 
twentieth day of the cycle of cow 2781 are in- 
cluded in this report. 


EXPERIMENTAL RESULTS 


Epithelial Changes in the Cerviz 
Throughout the Estrous Cycle of Holstein- 
Friesian Cow 2781, Born March 19, 1946. 
—Estrus (Fig. 1).—Tissue was removed 
from the middle portion of the cervix by 
dilating the posterior os and gently manip- 
ulating the instrument into the lumen of 
the cervix. The cow exhibited no physical 
signs of heat, but the vaginal walls were 
moist and glistening, and a small amount 
of mucus was streaming from the posterior 
os. The mucous membrane covering the 
posterior os and the deep part of the cervix 
was congested. (The cow was observed to 
be in heat six hours later.) A rectal exami- 
nation revealed a follicle on the right ovary. 
Mucus streamed from the vulvar lips fol- 
lowing this examination. 

The entire lining of the cervix con- 
sisted of simple columnar epithelial cells 
which were well filled with mucus. At the 
bottom of the primary and secondary folds 
were crypts in which the columnar epithe- 
lium appeared to be pseudostratified, and 
near the basement membrane in these 
crypts were many nuclei of small cells. The 
cells of the cervix were all capable of pro- 
ducing mucus, as determined by a mucus 
stain. The cells at the apexes of the folds 
and on the walls of the folds had ruptured 
at their distal ends, and mucus streamed 
from them. The nuclei of the cells were 
elongated and appeared to be moving into 
the distal portion of the emptying cells. 
In many cells, the nuclei could not be ob- 
served. (The average size of both empty 
and mucus-distended epithelial cells was 16 
by 8 pe) 

The lamina propria was made up of con- 
nective tissue fibers, blood vessels, and 
lymph vessels. Nerve tissue was not ob- 
served in this study because of the type 
of stain used. The fibers of the connective 
tissue were loosely arranged and contained 
small, darkly stained nuclei. The lumens of 
the arterioles and venules were distended. 
Edema was observed in the lamina propria. 

Sixth Day after Estrus (Fig. 2).-The 
posterior os when viewed through the 
speculum had the same appearance as it 
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had had the previous day. Fresh tissue was 
removed from the ventral portion of the 
posterior os. 


Fig. |—Epithelial changes in the cervix of Holstein- 
Friesian cow 2781 at estrus. x 257. 


The epithelium lining the cervix now was 
uniform in height and complete; there was 
little secretion from the cells, but an occa- 


Fig. 2—Epithelial changes in the cervix of Holstein- 
Friesian cow 2781 six days after estrus. x 257. 
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sional cell produced mucus which covered 
the epithelium with a thin film. The nuclei 
of the epithelial cells took a dark stain, and 


Fig. 3—Epithelial changes in the cervix of Holstein- 
Friesian cow 2781 fourteen days after estrus. x 257. 


a large number of nuclei was observed in 
the base of the crypts. The cells were not 
as large as they had been in the proestrous 


Fig. 4—Epithelial changes in the cervix of Holstein- 
Friesian cow 2781 seventeen days after estrus. x 257. 
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stage. (Size of colummar epithelial cells, 

The connective tissue fibers were thin 
and compactly arranged in the lamina pro- 
pria and the nuclei took a dark stain. Some 
of the nuclei were granular and were situ- 
ated in large cells close to the basement 
membrane. Few blood vessels were evident 
and these appeared small in size. 

Fourteenth Day After Estrus (Fig. 3). 
—The posterior os appeared blanched, dry, 
and constricted. The tissue was removed 
from the first annular ring. 

The nuclei of the cells of the epithelium 
in the posterior os appeared to be small, 
oval to round, and took a dark stain. They 
were situated near the basement membrane. 
It was difficult to differentiate the base- 
ment membrane from underlying connec- 
tive tissue strands, even with the silver 
nitrate impregnation. All of the cells took 
the mucin stain, an evidence that they all 
produced mucus. (Size of columnar epithe- 
lial cells, 14 by 9 p.) 

The lamina propria was similar to that 
observed on the twelfth and thirteenth 
days. The connective tissue fibers were 
small and compactly arranged. A few ves- 
sels situated deep in the lamina propria 
were visible. 

Seventeenth Day After Estrus (Fig. 4). 
—Follicles were not palpated on either 
ovary by a rectal examination prior to the 
tissue removal. The vaginal vault and the 
posterior os were covered with a thin layer 
of mucus, but no mucus was observed 
streaming from the cervical canal. 

The simple columnar cells which line the 
folds in the cervix all stained deeply with 
the mucus stain. The nuclei of the epithe- 
lial cells appeared to be elongated and to 
be moving into the body of the cell instead 
of lying close to the basement membrane 
as they had during the immediately pre- 
ceding days. Many small cells, which 
stained lightly, were observed near ihe 
basement membrane. (Size of columnar 
epithelial cells, 17 by 10 yn.) 

Twentieth Day After Estrus (Fig. 5).— 
A rectal examination revealed that one of 
the follicles on the right ovary had in- 
creased in size, whereas the other had not. 
When viewed through a speculum, the 
vagina appeared well lubricated with a 
watery mucus. The walls of the vagina ap- 
peared congested. An intense hyperemia 
was noted in the portio vaginalis and on 
the posterior os. The posterior os had di- 


\ 
7 
. 
=" 
| 
4 
im 


CYTOLOGICAL CHANGES IN CERVICAL MUCOSA OF THE COW 


lated to the extent that the biopsy instru- 
ment was easily inserted into the cervical 
lumen the distance of 1 in. 

The epithelial cells which line the cervix 
had increased in size and height. A slight 
amount of mucus containing cellular detri- 
tus covered the entire epithelium. An 
occasional epithelial cell was observed 
secreting mucus. All along the basement 
membrane border an increase in the num- 
ber of nuclei was observed, especially in the 
bottom of the crypts. These nuclei varied 
in intensity of staining; some appeared 
to be lightly stained and others took a deep, 
dark stain. (Size of columnar epithelial 
cells, 19 by 12 y.) 

The lamina propria was very loosely ar- 
ranged with the connective tissue fibers 
some distance apart, the large nuclei of 
which took a moderate stain. The blood ves- 
sels were dilated, and many small vessels 
were now visible. 


DISCUSSION 


The experimental cows 2781, 2976, and 
2412 were selected from a large group of 
females and were under study simultane- 
ously. There was no marked difference in 
the behavior or in the cervical, histological 
pictures of the 3 cows. Therefore, 2781 was 
selected to represent the group. No photo- 
micrographs were made of the cervical tis- 
sues of cows 2976 or 2412. 

The sections of the cervix were taken 
primarily from the posterior os with a 
biopsy instrument. The cervix of the cow 
is provided with many longitudinal folds 
and usually four annular folds of mucous 
membrane, arranged spirally. Throughout 
the length of these folds, the mucosa is 
thrown up in secondary, tertiary, and often 
quaternary folds. These folds are lined with 
simple columnar, nonciliated, mucus-pro- 
ducing epithelial cells. Each cell constitutes 
a unicellular gland. Due to the folding of 
the mucous membrane of the cervix, the 
epithelium is arranged so that it appears 
to contain many branched tubular glands. 
In the base of each fold, there also is epi- 
thelium which appears to be stratified, a 
structure which may be due to the.compres- 
sion of the mucous membrane by the tight 
sphincter muscle which surrounds the cer- 
vix. It is also possible that the oblique cut 
with the microtome knife at the base of 
these folds may account for this apparent 
stratification. 
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The squamous epithelium of the vagina 
joins the columnar epithelium of the cervix 
near the portio vaginalis. No sections were 
taken which contained stratified squamous 
epithelium. 


Fig. 5—Epithelial changes in the cervix of Holstein- 
Friesian cow 2781 twenty days after estrus. x 257. 


The estrous cycle was divided into estrus, 
metestrus, diestrus, and proestrus. 

Estrus.—Estrus, which lasted twelve 
hours, consisted of the physical signs of 
heat, with a large amount of clear, watery 
mucus flowing from the cervix. Histologi- 
cally, the cells during this period were 
loaded with mucus, the majority of them 
having emptied their secretion at this time. 
In a large number of these cells, the nuclei 
were absent. Small cells were also observed 
near the basement membrane. Although 
mitosis could not be observed in these 
sections, the cyclical changes in cell size 
and staining intensity indicated cell 
multiplication. 

In the lamina propria during the estrus 
period, there was considerable edema, as 
evidenced by the increase in size of the 
vessels in that area. 

Metestrus.__The loaded stage of the cells 
observed at estrus had disappeared. Many 
of the cells had been completely destroyed, 
and the nucleus and cytoplasm had been 
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emptied into the cervica! lumen. Other cells 
gave the appearance of having lost only the 
mucus contents, yet having retained the 
nucleus. The cells at the distal end of the 
folds were the first, and those at the base 
of the crypts the last, to empty their con- 
tents into the lumen of the cervix. There 
still was considerable activity of the epithe- 
lial cells near the basement membrane, evi- 
dence that regeneration of the mucous 
membrane had occurred. The connective 
tissue in the lamina propria was still loosely 
arranged, but the vessels were collapsed 
and less congestion was noticed in the en- 
tire area. 

Diestrus.—Diestrus was the quiescent 
period in the cervix. The epithelial cells 
were filled with mucus, but these cells were 
not as high as those observed during 
estrus. An occasional cell emptied its con- 
tents into the lumen of the cervix, so that 
the epithelial cells were always covered 
with a small amount of mucus. The nuclei 
in the epithelial cells were small and took 
a dark stain. 

The lamina propria was very compact. 
The connective tissue fibers were arranged 
in tight bundles and little, if any, conges- 
tion was noticed. The larger vessels were 
collapsed and the smaller ones were not 
distinguishable. - 

Proestrus.—During this stage of the 
estrous cycle, the cells were in the stage 
of regeneration. The epithelial cells had 
increased in size and were filled with 
mucus. 

In the lamina propria, the connective tis- 
sue cells had increased in length and con- 
tained large nuclei which stained lightly. 
The vessels had increased in diameter, and 
there was the appearance of congestion 
throughout the area. 

The physiological loss of cells in the epi- 
thelium of the cervix was compensated for 
by the regeneration of cells near the base- 
ment membrane. This regeneration prob- 
ably was the result of mitotic division of 
the cells already arranged in the epithelium, 
although mitosis was not observed. In the 
denuded areas, these new cells probably 
arose from adjacent epithelial cells and 
gradually covered the area, but the new 
cells did not assume the appearance of co- 
lumnar epithelial cells for some time. 


CONCLUSIONS 


1) Mucus is constantly secreted by the 
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columnar epithelial cells of the cervix but 
the volume varies with the stage of cycle. 

2) All columnar epithelial cells of the 
cervix produce mucus; therefore, all may 
become goblet cells. 

3) The maximum fullness of mucus-pro- 
ducing cells occurs just at estrus, as shown 
by the mucicarmine stain. 

4) The luminal ends of the cells rupture 
at estrus and discharge their cytoplasm 
(mucus) into the lumen of the cervix. The 
cells on the apexes and sides of the pri- 
mary, secondary, tertiary, and even the 
quaternary folds are most likely to empty 
during estrus, while the cells in the crypts 
remain filled and empty at irregular times. 

5) At each estrus, some cells degener- 
ate, losing their nuclei and cell membranes 
in the form of cellular debris. The major- 
ity of cells, however, retain their nuclei, 
repair their cell walls, and replenish their 
cytoplasm prior to the subsequent estrus. 
During this time, the nuclei move out into 
the cells away from the basement mem- 
brane, become more rounded and oval, and 
are gradually compressed at the attached 
end of the cell as the cytoplasm is replen- 
ished. 

6) The type of cell regeneration to re- 
place the destroyed or degenerated ones is 
not known, as no mitosis was observed. It 
is presumed that mitosis does occur to re- 
place the lost cells. 

7) During estrus, the intercellular sub- 
stance increases in amount in the mucosa 
and submucosa, producing edema and en- 
largement of the cells, which accounts for 
the relaxation of the cervix at this time. 

8) At the same time, the vascularity of 
the lamina propria definitely increases, as 
evidenced by the increased number of ves- 
sels as seen in histological preparation 
taken at estrus. In fact, the increased cir- 
culation probably accounts for the relaxa- 
tion of the cervix and the increase in the 
number of fibrils making up the basement 
membrane. 

9) There is a definite correlation be- 
tween the vascularity of the cervix and 
the character of the mucus secreted during 
the various stages of the estrous cycle. 

10) As the vascularity of the cervix 
decreases, there is an alteration in the 
quantity and quality of the mucus secreted. 

11) During estrus, the mucus is abun- 
dant, clear, adhesive, and contains con- 
siderable cellular debris. During metestrus, 
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the mucus is less abundant, tinged with 
blood from the uterus, and is adhesive- 
cohesive in character, containing a moder- 
ate amount of cellular debris. During di- 
estrus, mucus is minimal, cohesive, and 
contains very little cellular debris. In the 
proestrous stage, there is a gradual in- 
crease in mucus secretion which is cohe- 
sive-adhesive and a minimal amount of 
cellular detritus. 

12) The average measurements of the 
cervices of 22 virgin heifers were 2.3 in. 
in length and 0.75 in. in diameter. The cer- 
vices of 24 mature cows gave an average 
length of 3.4 in. and diameter of 1.6 in. 
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A Clinical Pathological Study of Experimental 
Leptospirosis of Calves 


KARL R. REINHARD, D.V.M., Ph.D. 


Hamilton, 


ALTHOUGH A NUMBER of reports on bovine 
leptospirosis in America have been made 
since 1945,':*.41! an understanding of the 
fundamental nature of the syndrome has 
not been forthcoming from observations of 
field cases. For this reason, leptospiral 
infections in calves were produced experi- 
mentally and were studied by clinical 
pathological techniques, cultural methods, 
and direct observations. 


MATERIALS AND METHODS 


Six calves were used and are designated as 
No. 1, 2, 3, 4, 5, amd 6 for the purposes of this 
discussion. Calves 1, 2, 3, and 4 were females, 
approximately 6 months old, and were bought 
at public sales. Calves 5 and 6 were males, 
under 3 months of age, and were procured 
directly from a nearby farm. All the calves 
were in good condition and apparently nor- 
mal, with the exception of No. 5; it was ti in, 
stunted in growth, and not vigorous. 

The leptospiral strains used to infect the 
calves had been isolated by the author from 
field cases of bovine leptospirosis. One strain, 
N.Y.A., was isolated from the urine of an adult 
cow while it was in the acute phase of lepto- 
spiral infection. The other strain, N.Y.B., was 
cultured from the blood of a calf which had 
died from a fulminating type of leptospirosis. 
Calf 1 was inoculated with 2 cc. of allantoic 
fluid from a chicken embryo which had been 
infected with N.Y.A. strain. This leptospiral 
culture had undergone 18 serial transfers in 
chicken embryos. Calves 2, 3, 4, and 5 each 
were inoculated with N.Y.A. strain by the 
injection of 2 ce. of fresh, defibrinated blood 
which had been taken from infected guinea 
pigs during the febrile stage of the disease. 

The information contained in this report was 
initially presented to the Graduate School of Cor- 
nell University, Ithaca, N. Y., as one section of a 
doctorate thesis. 

At the time this work was performed, the author 
held a postdoctorate research fellowship awarded 
by the Division of Research Grants and Fellow- 
ships, National Institutes of Health, United States 
Public Health Service. The latter office gave addi- 
tional support by means of a grant-in-aid. 

At present, the author's address is Rocky Moun- 
tain Laboratory, Public Health Service, FSA, Ham- 
ilton, Mont. 

Acknowledgment is made of the valuable assist- 
ance of Dr. C. G. Rickard in the execution of the 
clinical pathology work and of Dr. Peter Olafson 
in the interpretation of the histopathological find- 


ings. 
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The inoculum used to infect calf 2 was from 
the eighteenth serial guinea pig passage of the 
leptospiral strain; that used with calves 3 and 
4 from the twenty-fifth passage, and from the 
twenty-sixth in the case of calf 5. Calf 6 was 
infected with the N.Y.B. strain which had been 
maintained in guinea pigs through 25 serial 
transfers. All inoculations were made by sub- 
cutanecus injection in the lateral cervical re- 
gion. 

The calves were kept in isolation units to 
prevent undesired concurrent infections. Rectal 
temperatures were taken daily and the ani- 
mals were observed for signs of disease. Blood 
was taken from the jugular vein and urine 
was obtained by manual stimulation of mic- 
turition. 

The following determinations on the blood 
were made by standard hematological tech- 
niques: erythrocyte count, erythrocyte fragil- 
ity, total leukocyte count, and differential leu- 
kocyte count. The erythrocyte-sedimentation 
rates of calves 1 and 2 were determined by 
reading the number of millimeters of fall after 
eighteen hours’ standing in a Wintrobe tube 
at room temperature and were uncorrected for 
packed cell volume. With calves 3, 4, 5, and 6, 
sedimentation rates were measured by the 
method described by Van Zijl,“ and were cor- 
rected for packed cell volume obtained by the 
technique of Wintrobe.” Hemoglobin concen- 
trations were measured with a Spencer hemo- 
glcbinometer. Daily cultures in the medium 
of Chang* and periodic inoculations of guinea 
pigs and embryonated eggs were made with 
the blood from the calves. The techniques of 
cultivation and animal inoculation which were 
used have been described in a previous publica- 
tion. Samples of blood were tested routinely 
by the clinical pathology laboratory of the 
New York State Veterinary College, Ithaca, 
for total nonprotein nitrogen, the thymol-tur- 
bidity end point, and Van den Bergh’s reac- 
ticns. Daily urine samples were tested for pro- 
tein content and specific gravity by standard 
techniques. 

At the termination of the experiment, each 
calf was subjected to autopsy and examined for 
gross lesions. Preparations were made of af- 
fected organs for histopathological examina- 
tion, and the blood, kidneys, and urine were 
cultured in artificial medium, guinea pigs, and 
embryonated eggs to detect resident lepto- 
spiral infection. 
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EXPERIMENTAL LEPTOSPIROSIS OF CALVES 


RESULTS 


The details of the clinical pathology of 
each case are presented in charts 1 to 6, 
inclusive. A presentation of the composite 
findings follows. Fever occurred seven to 
nine days after inoculation in the calves 
given guinea pig material. The calf injected 
with allantoic fluid showed fever on the 
fourth day. The duration of fevers var- 
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ied from two to four days, and the peak 
temperature of all calves except No. 5 lay 
between 41.3 and 41.8 C. (106 to 107 F.). 
The peak temperature of calf 5 was 40.7 
C. (105 F.). During the fever, the animals 
became thin and were depressed. The ema- 
ciation persisted for two to five weeks, 
depending on the chronicity of the infec- 
tion. During the time of fever, a moderate 
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diarrhea was seen in the older calves and 
a profuse, watery diarrhea in the younger 
ones. Fever decreased the vigor of the 
calves and normal strength did not return 
while emaciation persisted. At the time of 
hemoglobinuria in 3 of the calves, the urine 
became pink, brown, or an opaque black, 
depending upon the blood pigment concen- 
tration in the urine. Calf 5 did not follow 
the general pattern of physical signs but 
deteriorated continuously in general con- 
dition until it became moribund. 

A leukopenia developed which reached its 
lowest level some time between seven and 
twelve days after inoculation near or at the 
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time of fever. The differential counts re- 
vealed the most significant leukocytic 
changes. Both lymphopenia and _ neutro- 
penia developed but were, at times, masked 
in the total white count because they did 
not occur simultaneously. The lymphopenia 
usually reached its lowest level some time 
between seven and nine days after inocula- 
tion. After inoculation, the neutrophil count 
fluctuated and showed transitory stages of 
neutrophil increase, which in some cases 
were definite neutrophilia. But in all cases, 
a neutropenia developed at some point be- 
tween the sixth and twelfth day and then 
gradually remitted. 
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Variations in the blood erythrocyte fac- 
tors were the most significant of the hema- 
tological findings. Between the fourth and 
eighth days, there was a definite trend 
toward decrease in erythrocyte count, 
hemoglobin concentration, and packed cell 
volume. This decrease varied in rapidity 
and was most marked and abrupt in the 
cases of calves 3 and 6, where it was associ- 
ated with hemoglobinuria. As the anemia 
progressed, there was an increase in imma- 
ture and aberrant forms of red blood cells. 
This was more apparent in calves 3, 4, and 
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6 than in 1 and 2. Polychromatophilia, ani- 
socytosis, poikilocytosis, basophilic stip- 
pling, Jolly’s bodies, and various types of 
normoblasts became evident during the 
stage of greatest anemia and persisted for 
a week or ten days. Remission of the 
anemia occurred gradually after the seven- 
teenth or eighteenth day. The sedimenta- 
tion rate of erythrocytes showed no marked 
changes, except for a sudden rise and fall 
after the stage of hemoglobinuria in the 
cases of calves 3 and 4. A significant find- 
ing with calves 3 and 4 was the increased 
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erythrocyte fragility during the period of 
decrease in red cells of the blood. 

Nonprotein-nitrogen levels never exceeded 
normal limits, and were low during most 
of the syndrome. Van den Bergh’s reac- 
tions were positive in the indirect phase 
only in the case of calf 3 during the two 
days previous to the stage of hemoglobin- 
uria. Thymol-turbidity tests never reached 
levels indicative of liver damage. 

There was albuminuria in calves 2 and 6, 
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the animals that had leptospiruria. Calves 
2 and 6 also had a higher incidence of spe- 
cific gravity values below 1.010. Hemo- 
globinuria occurred in calves 3, 4, and 6, 
but not at comparable chronological periods 
nor to the same degree. In those calves 
having hemoglobinuria, positive hematin 
reactions and high protein values were 
found upon analysis of urine taken in those 
stages. 

Leptospira organisms were cultured from 
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the blood by use of artificial mediums, em- 
bryonated egg inoculation, and guinea 
pig inoculation. Leptospiremia was detected 
in 2 cases before the fever and, in 1 of 
these, twenty-four hours after inoculation. 
Leptospira organisms were always present 
in the blood during the fever and did not 
persist more than two days beyond the 
remission of fever. Because of the diffi- 
culty of eliminating bacterial contaminants, 
the detection of leptospiras in the urine 
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by artificial medium and embryonated egg 
cultivation was unsuccessful, but was 
shown by guinea pig inoculations in calves 
2 and 6. Leptospiruria was present in calf 
2, forty-five days after inoculation and in 
calf 6, twenty-four days. Serums obtained 
terminally from calves 1, 2, 3, and 4, in 
1: 5,000 dilution, lysed bovine Leptospira. 
No lysis was obtained with the serums of 
calves 5 and 6. 

At autopsy, 


all of the calves had, in 
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Chart 5—Clinicopatholozical and cultural features of leptospiral infection, calf 5. 
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varying degrees, grossly observable le- 
sions of interstitial nephritis. These con- 
sisted of white foci, visible on the kidney 
surface, which extended as wedges into the 
cortex. In those cases which had run a 
chronic course (No. 1, 2, 3, and 4), the 
foci. were 1 to 2 mm. in diameter on the 
surface and had distinct margins. In those 
animals examined at an early stage of the 
syndrome (No. 5 and 6), the foci were 2 
to 5 mm. in diameter on the surface and 
had diffuse margins. No other visceral le- 
sions were found except in calf 5, which 
had pale foci several millimeters in diam- 
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eter in the liver and had advanced serous 
atrophy of adipose tissue. 

In calves 1 and 4, histopathological find- 
ings consisted of moderate numbers of 
areas of interstitial infiltrations in the cor- 
tex of the kidney. The infiltrating cells 
were of the type called polyblastic by some 
pathologists and by others are termed 
lymphocytes, plasma cells, or simply round 
cells. In calf 4, a few plugs of neutrophilic 
leukocytes were found in some tubules. In 
the kidneys of animals 5 and 6, there were 
many small foci of round cell infiltration 
and plugs of neutrophils in the tubules. 
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Chart 6—Clinicopathological and cultural features of leptospiral infection, calf 6. The fever line in 
this particular chart indicates duration of temperatures above 40 C. 
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Calf 5 showed the accumulation of great 
amounts of hemosiderin in the phagocytes 
of the liver and spleen. It also had areas of 
focal necrosis in the liver. There was some 
evidence of stimulation of bile duct growth. 

Cultures of postmorten material recov- 
ered Leptospira from the blood of calf 5 
and from the kidneys of calves 2 and 6. 


DISCUSSION 


One initial objective of conducting these 
clinical pathological studies on bovine lep- 
tospirosis was to investigate the practica- 
bility of certain laboratory tests for the 
diagnosis of natural cases of the disease, 
but none was found to be practical. The 
other aim was to gain insight into the 
nature of the disease, and this seems to 
have been reached to a gratifying degree. 
The experiments were enhanced by the fact 
that the infections produced were neither 
fulminating nor inapparent but were of 
moderate severity. Therefore, they resem- 
bled the preponderant portion of cases 
found in most of the natural enzodtics 
which thus far have been studied.?: 
10 * 

Because of the unnatural mode of inocu- 
lation, it can not be said that the length 
of natural period of incubation has been 
established in these experiments. The pe- 
riods of time between inoculation and onset 
of fever in these cases agree largely with 
the incubation periods found by Mathews® 
and by Baker and Little? in their experi- 
mental infections. 

None of the recognized signs of lepto- 
spiral infection is entirely pathognomonic. 
Anorexia, emaciation, transient depression, 
hypernea, dehydration, hemoglobinuria, and 
jaundice are physical findings in a number 
of other diseases. One sign which is closely 
associated with the syndrome is that which 
is found in adult, lactating cattle; namely, 
decreased or interrupted lactation with 
thickened, yellowish, or bloody milk and a 

*Most enzodtics thus far reported have been in 
dairy herds where the number of exposed animals 
was limited and the proportion of severe or fatal 
cases showing hemoglobinuria was small. However, 
H. C. Smith, in writing “Progress Report on Idio- 
pathic Hemoglobinuria in Oklahoma Cattle,” 
J.A.V.M.A., 102, (1943) : 352, describes a hemoglob- 
inuria in Oklahoma cattle which might well have 
been of leptospiral origin and which was marked 
by high morbidity and mortality. All of the animals 
showing hemoglobinuria died and, in one outbreak, 
24 out of 77 calves died. It is reasonable to expect 
that the successive serial transfers effected by an 
enzoétic sweeping through large cattle populations, 
such as are found in western beef herds, would 
increase the virulence of the disease and thus in- 


crease the proportion of acute cases ending in 
hemoglobinuria and death. 
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flabby udder.® However, in the outbreak of 
bovine leptospirosis in cows attended by 
Tierney,® the udders were hardened but not 
inflamed. Baker and Little? and Reinhard 
et al.® found red or black urine to be a sign 
in a minority of natural cases. In the ex- 
perimental infections produced by Baker 
and Little’:? and in the present work, 
hemoglobinuria was inconstant in oc- 
currence. Icterus was not observed in any 
of the animals studied here, but slight ic- 
terus could have been missed easily, for 
all of the subjects had the yellowish in- 
tegumental pigmentation of the Guernsey 
breed. 

The fact that the signs of leptospirosis 
are individually not pathognomonic does 
not leave the field veterinarian without a 
reliable means of diagnosis. Consideration 
and integration of all findings in the ani- 
mals involved in an enzoétic will enable 
the veterinarian to diagnose this disease 
with a high degree of accuracy. A more 
extensive discussion of symptomatology 
and diagnosis is found in the paper by 
Little and Baker.® 

The hematological findings of this study 
are highly significant. There was always a 
transitory anemia, which varied in severity 
from case to case, but which indicated a 
constant factor of blood destruction. Even 
in the case of calf 5, which died before 
frank anemia developed, there was an ac- 
cumulation of blood pigment in the spleen 
and liver, indicating excessive erythrocyte 
destruction. Therefore, the syndrome of bo- 
vine leptospirosis can be classed with the 
infectious hemolytic anemias. 

Another hematological feature of the 
disease is the occurrence of a leukopenia 
involving both neutrophils and lympho- 
cytes. This response usually occurs concur- 
rently with fever or soon after. In this 
manner, leptospirosis resembles some viral 
infections of animals. In a hemolytic, ful- 
minating case, found in a natural enzoétic, 
a leukocytosis with neutrophilia has been 
described. There are no reports of the 
experimental duplication of this feature. 

In none of the calves studied did blood 
chemical findings show the occurrence cf 
uremia. In addition, there was no chemical 
indication of liver damage, despite histo- 
pathological evidence to the contrary. For 
full substantiation of these findings, the 
chemical blood tests should be tried on 
more severe infections than these calves 
presented. 
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Of the 6 animals used, the 4 which were 
6 months of age or older developed signif- 
icant blood antibody titers against Lepto- 


—J. F. Brock, Cornell Photoscience 
Fig. 1—Gross lesions, kidney, calf 3, forty-five days 
after inoculation. Note discrete white foci, typical 
of chronic state. 


spira. The 2 which were less than 3 months 
of age did not yield antibodies demon- 


—J. F. Brock, Cornell Photoscience 

Fig. 2—Gross lesions, kidney calf 5, twelve days after 

inoculation. Note indistinct margins of foci, typical 
of acute stage. 
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strable by the lysis technique; however, one 
of these infections had run a short, fatal 
course of twelve days. In a group of 10 
young calves previously studied by the 
author,” which became infected when less 
than 3 months old, only 1 developed demon- 
strable blood antibody titers, and that only 
to a dilution of 1:50. If these observations 
are borne out in future experience, they 
will pose a problem in epidemiological and 
diagnostic serological work in bovine lep- 
tospirosis. 

In the examination of the urine, dis- 
counting the periods of hemoglobinuria, 
coagulable protein was detected only in 
calves 2 and 6, which had leptospiruria, and 
in calf 5, which died after a short course. 
The albuminuria was not severe in any 
case. Also, as reported previously,® con- 
sistent low specific gravity readings were 
associated with leptospiral infection but, in 
the present study, only in those calves 
which had leptospiruria. Therefore, it can 
not be said that albuminuria and low spe- 
cific gravity of urine are always present 
in cases of leptospirosis. 

In the examination of the animal for the 
presence of Leptospira organisms, the bet- 
ter sources of inoculums for cultivation of 
the agent are the blood and the blood-fil- 
tering organs (kidney, spleen, and liver) 
during the time of fever. In the chronic 
stage of the disease, the kidneys are more 
likely sites of leptospiral foci. Therefore, 
these organs and the urine may serve as 
sources of leptospiral cultures. When bac- 
terial contamination is not present, both 
embryonated chicken eggs and _ artificial 
mediums can serve as means of cultivation. 
Because bovine Leptospira are quickly 
killed in artificial culture by bacterial con- 
taminants, animal inoculation has been 
found to be the only reliable means of cul- 
tivation of organs, blood, or urine which 
have not been taken with aseptic technique. 

Although focal interstitial nephritis is a 
constant finding in bovine leptospirosis, 
sometimes as long as sixty days after in- 
oculation,? there is doubt that it is indica- 
tive of the presence of Leptospira. Five 
calves were autopsied fifteen to forty days 
after the stage of fever. Only 2 had Lepto- 
spira in the kidneys as shown by cultiva- 
tion in guinea pigs, eggs, and artificial 
mediums, although all had lesions of focal 
interstitial nephritis. It is possible that 
the focal infiltrations are stimulated by the 


| 
| 
| 
| 
\ 
| 
\ j 


EXPERIMENTAL LEPTOSPIROSIS OF CALVES 


presence of Leptospira and persist after 
the latter are gone. It is also possible that 
focal infiltrations are caused by a factor 
other than the presence of the agent. 

These experiments show that there are 
at least three phases of leptospiral infection 
in cattle. One is the septicemic phase 
marked by fever and leptospiremia. An- 
other phase is that of hemolytic anemia. 
-A third phase is that of nephritis which 
may be accompanied by leptospiruria and 
the carrier state. It is the author’s concept 
that the variability in the signs of natural 
cases of bovine leptospirosis is determined 
largely by variation in the degree of the 
hemolytic anemia. In peracute cases, the 
massive blood destruction leads to sudden 
death, due to insufficient oxygen transfer. 
Hemoglobinuria is probably caused by the 
inability of the liver and spleen to cope 
with the quantity of the products of ex- 
cessive blood destruction. In addition, it 
is entirely likely, but not at all proved, that 
toxic factors are involved in leptospirosis, 
for the infected animals are often severely 
affected physically to a degree that seems 
disproportionate to the grade of anemia 
or anorexia involved. 


SUMMARY 


1) Six calves were inoculated with Lep- 
tospira organisms obtained from natural 
cases of bovine leptospirosis, and cultural, 
hematological, and clinical studies were 
made on these animals. The following 
features of the disease were found: 

a) A fever—which started as early 
as the fourth and as late as the ninth 
day and which lasted two to four days. 

b) Leptospiremia—which was detect- 
able in some cases before the febrile pe- 
riod and which ended in all cases soon 
after the end of fever. In 1 calf that 
died, leptospiremia continued into the 
moribund state of the animal. 

c) In 2 cases, leptospiruria occurred 
after the fever, in 1 as long as six weeks, 
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and Leptospira were isolated from the 

kidneys of both animals at autopsy. Al- 

buminuria was observed in conjunction’ 
with leptospiruria. 

d) Neutropenia and lymphopenia oc- 
curred during or close to the time of 
fever. 

e) A transitory anemia occurred in 
all cases except the short-termed fatal 
case. In 3 cases, hemoglobinuria occurred 
in association with erythrocyte decrease. 
Associated with the progress of anemia 
in 2 cases was a great increase in red 
cell fragility. 

f) In all cases, there were gross and 
microscopic lesions of focal interstitial 
nephritis. In 1 calf that died in the acute 
stage of the disease, focal necrosis was 
found in the liver. 

2) The significance of these findings is 
discussed in relation to the fundamental 
nature of, the disease and the observable 
physical signs. 
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Studies of Electrolytes in Body Fluids of Dairy Cattle 
Il. Effects of Estrogen on Electrolyte Levels in Body 


Fluids in Late Pregnancy 


A. F. SELLERS, V.M.D., M.Sc., Ph.D., and M. H. ROEPKE, Ph.D. 


St. Paul, Minnesota 


THE TENDENCY in pregnant and postpar- 
turient dairy cattle toward disorders 
characterized by changes in the concen- 
trations of several of the mineral constitu- 
ents of blood has been recognized. The 
apparent adrenocorticomimetic effects of 
estrogen®: % 17, 19, 26, 27, 28 suggested the de- 
sirability of trying large doses in late preg- 
nancy, since, in mares® and in women,® °° 
estrogen is excreted in large quantity in 
the latter part of pregnancy, and a sudden 
fall just before parturition conceivably 
could be a factor in initiating electrolyte 
- imbalance. 

Detailed information regarding blood 
and tissue levels of estrogen in pregnant 
and parturient cattle is not presently avail- 
able. The urinary excretion of estrogen by 
pregnant cows is relatively low compared 
to mares and women.!®. 2° 29 Asdell! and 
Cowie!® have reviewed the somewhat con- 
flicting observations of various investi- 
gators. Estrogen has been found in the 
feces'® and gall bladder bile** of pregnant 
COWS. 


METHODS 


Five nonlactating adult Holstein-Friesian 
cattle were continuously confined in box stalls 
during the last two to four weeks of preg- 
nancy and for one to two weeks after parturi- 
tion. Feed consumption was observed and 
recorded. 

A large dose (75 to 100 mg.) of diethylstil- 
bestrol in peanut oil was administered intra- 
muscularly in three or four divided doses 
over a two-day period. 

Three preinjection blood and urine specimens 
(not quantitatively collected) were taken on 
successive days, the last being just prior to 
the first dose of estrogen. Starting on the 
second day of estrogen administration or the 

From the Division of Veterinary Medicine, Uni- 
versity of Minnesota, St. Paul. 

Paper No. 2616, scientific journal series, Minne- 
sota Agricultural Experiment Station. 


Taken from a thesis submitted by the senior 
author to the Graduate School, University of Minne- 


sota, in partial fulfillment of the requirements for - 


the degree of doctor of philosophy. 


first postestrogen day, samples were collected 
daily for three or four days, then less fre- 
quently to the time of parturition. Starting with 
the day of parturition, samples were collected 
daily for three days, then less frequently for 
approximately one week. 

Animal 659 (table 1, fig. 1 and 2) received 
additional estrogen in graded dosage for seven 
days preceding parturition; on the day of 
parturition and four days thereafter, 40 mg. 
of estrogen were given daily, in two equal 
doses morning and evening. 

Calcium, magnesium, and inorganic phos- 
phate were determined on serum specimens; 
chloride, sodium, and potassium, on heparin- 
ized plasma specimens collected in an oiled 
syringe, discharged under oil, and centrifuged 
without delay. This procedure, in the case of 
the latter determinations, was adopted in view 
of the necessity for detection of small varia- 
tions in concentration. Changes in sodium and 
chloride concentration because of changes in 
the blood-gas content and in potassium be- 
cause of diffusion from the red cells attendant 
upon the iong standing necessary for clotting in 
bovine blood were thus avoided. The amount 
of heparin used was kept constant. Centrifu- 
gations in all cases were carried out after 
stoppering to prevent evaporation. 

In the serum specimens, total calcium was 
determined by the Clark-Collip’ modification of 
the Kramer-Tisdall method. Magnesium was 
determined by the method of Denis" and the 
Fiske-Subba Row phosphate method was 
used to estimate the amount of magnesium 
ammonium phosphate present. The latter 
method was also used to determine inorganic 
phosphate. 

Chloride concentration in the plasma speci- 
mens was determined by the method of 
Schales and Schales.“* Sodium and potassium 
determinations were made flame photometri- 
cally? on trichloracetic acid filtrates of 
plasma, using the internal standard method.’ 
Sodium interference was added to the potassi- 
um standards and potassium interference added 
to the sodium standards, in amounts cor- 
responding with maximum concentrations of 
the respective interfering ion which could be 
present at the dilutions used.*' A concentra- 
tion of 10 mEq. per liter of lithium nitrate 
was employed in both the standards and un- 
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knowns. Trichloracetic acid was added to the 
standards in amounts corresponding with the 
amounts of this substance present in the 
plasma filtrates. 

Levels of all blood constituents determined 
were calculated and recorded as milliequiva- 
lents per liter of serum or plasma. Phosphate 
was expressed as phosphorus. 

Determinations of the corresponding sub- 
stances in urine were performed by the meth- 
ods previously described.” 


RESULTS 


A small number of animals was used in 
this study. This fact must be kept in mind 
when evaluating the results. 


BLOOD SERUM Ca 
ESTROGEN~LATE PREGNANCY 


574 0---0634 
4—4 607 4---6658 
--x659 
E, * 50 mg. DES 
Time, Doys 


Fig. 1—Levels of total blood serum calcium in dairy 

cows given large doses of diethylstilbestrol in late 

pregnancy. E,, E. — first and second days of estrogen 
administration; DES — diethylstilbestrol. 


Table 1 summarizes the results of studies 
of blood-electrolyte levels following estro- 
gen administration in late pregnancy and 
over the parturition period in 5 animals. 
One animal (No. 633) was followed over 
the parturition period only. Animal 659 re- 
ceived estrogen over the parturition period, 
as explained previously. 

All values given are averages of two- 
day cross sections of the family of curves, 
one such cross section being taken before 
and one similar cross section after a given 
effect was studied. This procedure was used 
in order to take into account day-to-day 
variations in the level of a given constitu- 
ent, in so far as possible with the type 
of effect being studied. A two-day cross 
section seemed advisable for summary 
purposes, inasmuch as a given effect rarely 
lasted more than that length of time. As 


a matter of fact, such two-day averages 
tend to mask the magnitude of the greatest 
rise or fall in a given element because these 
rises and falls were usually most marked 
on one day only (fig. 1 and 2). 

Cross sections consisted of averaging two 
successive values for a given constituent; 
for a group of 5 animals, ten analytical 
values were averaged to obtain a given 
figure for table 1. “After” values are two- 
day cross sections of the family of curves 
at their highest or lowest points, respec- 
tively, when change occurred. 

Referring to table 1, it will be noted 
that the most noticeable changes were falls 
in total blood serum calcium and serum 
inorganic phosphate at the time of parturi- 
tion, as noted by others. 

In some individuals (fig. 1), a slight 
fall in total serum calcium was noted fol- 
lowing estrogen administration, with but 
little change in the group’ average 
(table 1). 


BLOOD SERUM Ca 
PARTURITION 


“T 0-0574 0-0634 
4—4 607 4--4658 
633 659 


3. 4 it 
5 4 3 2 P 


Time, Days 


Fig. 2—Levels of total blood serum calcium in dairy 

cows at parturition, showing values attained at this 

time for comparison with those previously attained 

following estrogen (fig. |). Animal 659 received estro- 

cen continuously over the parturition period. P — day 
of parturition. 


Occasional individual instances of rise 
in serum magnesium and inorganic phos- 
phate following estrogen were seen. Plasma 
sodium, potassium, and chloride showed no 
consistent changes following estrogen. 

When the animals were followed through 
the parturition period, in addition to the 
fall in total serum calcium and serum in- 
organic phosphate mentioned previously, a 
slight rise in serum magnesium was seen 
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and a slight downward trend of plasma 
chloride following parturition. Plasma- 
sodium and potassium levels showed no 
consistent change over the parturition 
period. 

One animal (No. 659), which had shown 
a fair serum-calcium response to estrogen 
administration and withdrawal in late 
pregnancy (fig. 1), was given graded es- 
trogen dosage starting seven days prior 
to parturition, beginning with 5 mg. and 
attaining 40 mg. by the day of parturition. 
Forty milligrams of estrogen daily were 
given for four days following parturition. 
It will be noted in table 1 and fig. 2 that 
the same type of calcium fall at parturition 
was experiencd by this animal as by the 
other untreated animals. This animal also 
showed a slight rise in serum magnesium 
and fall in serum inorganic phosphate at 
the time of parturition (table 1). 

Attention was directed, in the case of 
the urine specimens collected prior to, dur- 
ing, and following estrogen administration 
and over the parturition period with which 
the former was compared, to large changes 
in excretion of the substances under study. 
It must be remembered that these urine 
specimens were not quantitatively collected. 

Concentration values of the various ele- 
ments were plotted against time. Ratios of 
one element to another were also calculated 
and plotted for inspection. Particular in- 
terest was attached to the magnesium: 
potassium ratio, since any change here 
would appear necessarily to be due to 
change in excretion and not to a diuresis 
effect.2> No regular changes in concentra- 
tions or in element ratios were noted in 
most instances. This was true following 


estrogen administration as well as over the 
parturition period. The plotted magnesium: 
potassium ratios seemed fairly regular 
from animal to animal but showed no 


marked upward or downward tendency over 
the parturition period (fig. 3). 


URINE Mg/K CONCENTRATION RATIO 
PARTURITION 
Legend 
0—0§ T40- -0634 
7o--0658 
»—*633«--*659 


Time, days 


Fig.. 3—Urinary magnesium: potassium concentration 
ratios over the parturition period in dairy cows. P — 
day of parturition. 


DISCUSSION 


Administration and withdrawal of rela- 
tively large doses of synthetic estrogen in 
late pregnancy seemed in some cases to 
be associated with a slight fall in total 
serum calcium. The finding of lowered 
serum calcium is in accord with the ob- 
servation of Frei and Emmerson!'* using 
natural estrogen on a nonpregnant animal 
and that of Folley'® in lactating animals. 

The more consistent and more marked 
fall in total serum calcium seen at parturi- 
tion was likewise experienced by a single 
animal (No. 659) given estrogen continu- 
ously over the parturition period in an ef- 
fort to prevent estrogen withdrawal ef- 


TABLE !—Blood-Electrolyte Levels in Dairy Cattle Given Estrogen in Late Pregnancy and 
Levels Observed Over the Parturition Period 


Blood-electrolyte levels mEq./liter* 


Total blood Serum 
serum calcium magnesium 


No. of 
animals 


Effect 
studied 


Before 


5 Estrogen 

1 Estrogen 
parturition 

5 Parturition 


Serum 
inorganic 
phosphate 


Plasma 
chloride 


Plasma 
petassium 


Plasma 
sodium 


Before 


102 


103 


3 109 100 - 4.0 
4.0 106 101 9.1 6.9 


and after a given effect was studied. That is, for 5 animals in a group, ten analytical values were 
averaged to obtain a given figure for the table above. “After” values are two-day cross sections 


of the curves at their highest or lowest points, 


respectively, when change occurred. 


1.0 
0.8 
0.6 
Mg/K 
0.4 A, 0 
be & 5 & 5 = 
7a 8 3.4 3.4.3 
4.9 4.7 1.8 2.0 144 143 4.0 4.3 | || 9.4 9.6 
5.2 4.5 1.9 2.1 145 144 4.0 
4.8 4.2 2.2 2.4 145 146 4.1 
*All values given are averages of two-day cross sections of the family of curves, taken before 
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fects, if such were a provocative factor in 
total serum-calcium fall at this time. 

Blosser and Smith,* in quantitatively 
collected urine specimens, noted a slight 
increase in urinary magnesium excretion 
in normally-freshening dairy cows, and a 
definite decrease in urinary magnesium in 
cows later developing symptoms of milk 
fever. 


SUMMARY 


1) In a small number of dairy cows 
given large doses of diethylstilbestrol in 
late pregnancy, and later followed over the 
parturition period, blood levels of calcium, 
magnesium, sodium, potassium, chloride, 
and inorganic phosphate were studied. The 
most noticeable changes were fall in total 
blood serum calcium and serum inorganic 
phosphate at the time of parturition. 

2) In some individuals, a slight fall in 
total serum calcium was noted following 
estrogen administration. 

3) No appreciable or consistent changes 
were noted in blood levels of sodium, 
potassium, magnesium, or chloride follow- 
ing either estrogen administration or par- 
turition. 
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Studies of Electrolytes in Body Fluids of Dairy Cattle 
Ill. Effects of Potassium on Electrolyte Levels in Body - 
Fluids in Midlactation 


A. F. SELLERS, V.M.D., M.Sc., Ph.D.; T. L. GITIS, B.S.; M. H. ROEPKE, Ph.D. 
St. Paul, Minnesota 


LOWERED serum-magnesium and -calcium 
levels were described in cases of tetany ap- 
parently independent of parturition, in cat- 
tle soon after feeding on young and quick- 
growing grass, by Sjollema and Seekles,?* 
and Sjollema.*4 The latter pointed out the 
abnormality of young grass as regards its 
high potassium: sodium ratio.2°°6 The 
condition became known as grass or lacta- 
tion tetany. Harbaugh and Dennis?! 
pointed out a tendency toward rise in the 
blood-potassium : calcium ratio associated 
with grazing of winter wheat and an even 
higher ratio when symptoms of tetany were 
present. 

It was desired to learn something of the 
effects of high potassium given to lactating 
cattle, in possibly initiating imbalances of 
other electrolytes. Similar doses of potas- 
sium given alone and preceded by biotin,* 
and high sodium intake were compared. 
Smith** found that in the progressive pa- 
ralysis of dogs on biotin-deficient diets, 
either potassium- or~biotin was effective in 
treatment. She suggested that perhaps po- 
tassium is mobilized temporarily by biotin. 
Wiese et al.*! produced a posterior paralysis 
in calves fed a synthetic ration, which was 
curable by biotin. Flipse et al.® produced 
progressive paralysis in calves on synthetic 
milk rations, which was curable either by 
potassium or biotin administration. 


METHODS 


Five adult Holstein-Friesian cattle in midlac- 
tation (4 to 5 months), 4 of which were one to 
four months pregnant, and one nonpregnant 
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animal (No. 633) were used. These animals 
were confined in box stalls for several days pre- 
ceding study, and the feed consumption meas- 
ured and recorded. Water diuresis was induced 
as previously described.” One to five days later, 
0.5 Gm. of potassium chloride per pound of body 
weight, in approximately 10 gal. of tap water, 
was introduced into the terminal portion of the 
esophagus, according to the method of Dennis 
and Harbaugh,’ over a period of approximately 
forty-five to fifty minutes. A control, two-hour 
quantitative collection of urine was made and a 
preinjection blood sample collected. 

Ten minutes following the end of the injec- 
tion, a blood sample was taken and another at 
thirty minutes. A two-hour quantitative collec- 
tion of urine was made, starting with the be- 
ginning of the injection. Blood samples were 
also collected the following morning. 

After a lapse of five days, 2 of the same ani- 
mals (No. 633 and 658) were given 0.5 Gm. of 
potassium chloride per pound of body weight 
following injection of 1 ,g. of biotin per pound 
of body weight, intramuscularly, on each of two 
preceding days and again on the morning of the 
experiment. 

A further experiment on another 2 of the same 
animals that received potassium alone (No. 756 
and 759) consisted of administering 0.5 Gm. of 
sodium chloride per pound of body weight. 
These trials were carried out two and five days, 
respectively, following potassium. Sampling was 
done as before. 

One of the potassium animals (No. 781) re- 
ceived 0.65 Gm. of potassium chloride per pound 
of body weight six days following the first trial, 
with sampling being performed as before. 

The animals were followed electrocardio- 
graphically in three of the potassium trials, one 
potassium-biotin trial, and in the two sodium 
trials. Leads I, II, III, and a precordial lead 
were used. 

Collection and handling of blood and urine 
specimens, and their subsequent analysis, were 
as previously described.”: 


RESULTS 


Plasma potassium showed a prompt rise 
in 4 of 5 animals given potassium chloride 
orally; comparable rise occurred in both of 


(296) 


$ 
i 
5 
| 
\ 


STUDIES OF ELECTROLYTES IN BoDY FLUIDS oF DAIRY CATTLE. III 


2 of the same animals when the potassium 
chloride was preceded by biotin administra- 
tion. Smaller rises in plasma potassium oc- 
curred when sodium chloride was given 
(fig. 1). 

Plasma sodium rose in all animals given 
potassium chloride alone, potassium chloride 
with biotin, and sodium chloride. Eleva- 
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Fig. |—Levels of plasma potassium attained with KCl 


administration (left side), and with KCl-biotin and 
NaCl administration, respectively (right side). 


tions of plasma sodium when potassium 
was given were at least as great as when 
sodium itself was administered (fig. 2). 

Serum inorganic phosphate rose in all 
instances of potassium and sodium admin- 
istration, and in one of two potassium- 
biotin trials (fig. 3). 

Total serum-calcium and serum-magne- 
sium levels showed no regular change, with 
any of the three trial procedures used. 
Plasma chloride values rose comparably in 
all trials. 

In 2 animals (No. 756 and 759), blood 
levels of the various substances under study 
showed no marked change when water alone 
was administered; a tendency toward a 
slight fall in sodium, potassium, and 
chloride seemed to be present with this 
procedure. , 

Changes in absolute renal excretion of 
the several elements (table 1) seemed in- 
teresting. Absolute potassium excretion 
did not seem to rise as much as might be 
expected in a two-hour period following 
potassium or potassium-biotin administra- 
tion. However, absolute excretion of sodium 
in the urine when potassium was given 
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showed an increase in 3 animals (No. 633, 
759, and 781 with a 0.65-Gm./lb. dose) 
comparable to that attained when sodium 
itself was administered and greater than 
would be expected from a “washing out” 
effect of water administration.*! This is 
noted in conjunction with the observation 
cited previously that plasma sodium showed 
a regular rise with potassium administra- 
tion. 

Absolute magnesium excretion, in the 
three trial procedures of potassium alone, 
potassium-biotin, and sodium administra- 
tion seemed to remain essentially constant, 
as it had with water diuresis,?! the con- 
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Fig. 2—Levels of plasma sodium attained with KCI 
administration (left side), and with KCl-biotin and 
NaCl administration, respectively (right side). 


centration being inversely proportional to 
the volume of urine. 

Absolute urinary calcium excretion in 
the various trials seemed increased to a de- 
gree comparable to that expected with 


water alone. Absolute chloride excretion 
seemed somewhat increased, in general, as 
would be expected with chloride adminis- 
tration. Absolute total phosphorus change 
seemed comparable to that seen with water 
diuresis. 

It will be noted from table 2, showing 
absolute excretions of the substances stud- ‘ 
ied and calculated as ratios before and dur- 
ing administration, that the potassium : 
sodium ratio invariably decreased, whether 
potassium, potassium plus biotin, or sodium 
be given. This would tend to indicate that 
the increase in absolute sodium excretion 
when potassium was given occurred more 
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promptly or to a greater degree than an 
increase in absolute potassium excretion, 
in the two-hour period during and following 
potassium administration. Further, the 
outpouring of sodium when potassium was 
given was quite comparable in degree to 
that seen when sodium itself was given. 
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Fig. 3—Levels of serum inorganic phosphate attained 

with KCI administration (left side), and with KCl- 

biotin and NaCl administration, respectively (right 
side). 
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This latter point gains validity from the 
observation that the reciprocal change, 1.é., 
increased potassium excretion when sodium 
was given, could not have been marked. An 
inspection of table 1 will show that the 
trials where sodium was given showed in- 
creased absolute potassium excretion no 
greater in order of magnitude than when 
potassium was given. 

The absolute magnesium : sodium and 
calcium : sodium ratios also tended to be 
lowered markedly, and the sodium : phos- 
phorus ratio raised markedly by potassium 
administration. These changes all empha- 
size the fact that sodium was being ex- 
creted when potassium or potassium plus 
biotin was administered. 

Whereas the absolute magnesium : potas- 
sium ratio tends to remain constant with 
water diuresis,” it is lowered slightly with 
potassium administration, as would be ex- 
pected. 

The absolute calcium : magnesium and 
magnesium : phosphorus ratios seemed af- 
fected to about the same degree and in the 
same direction as with water diuresis; 
washing out ‘of calcium and of phosphorus 
would appear to be of about the same mag- 


TABLE 1!—Chan-e in Absolute Rena! Excretion of Several Elements with KCI, KCI-Biotin, and NaCl 
Administration 


Calcium 


Specific 
gravity* 


KCl, 
0.5 Gm./Ib 
KCl, 

0.5 Gm./Ib. 
KCl, 
0.5 Gm./Ib. 
KCl, 
0.5 Gm./Ib 
KCl, 
0.5 Gm./Ib 
KCl, 
0.65 Gm./Ib. 


1.020 
1.012 
KCl, 0.5 Gm 
Ib. + biotin 


1.030 
1.019 


KCl, 0.5 Gm./ 
lb. + biotin 


1.013 
1.010 


NaCl, 
0.5 Gm./Ib, 
NaCl, 
0.5 Gm./lb 
*Upper line, preadministration ; 
absolute rate of excretion. 


Magnesium 


lower line, postadministration. 
***Some accidental loss of urine. 


Total 


Sodium Potassium Chloride phosphate 


32.00 
99.00 


1.10 
80.00 


131.00 
154.00 


2.00 
72.00 


0.64 
92.00 


48.00 
146.00 


1.40 
415.00 


0.24 
2.60 


0.63 
22.00 


change in 
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nitude in either the water or the saline 
diuresis used. 

Electrocardiographic observations* dur- 
ing four of the potassium and potassium- 
biotin trials showed only slight changes in 
three of the four trials and appeared to in- 
dicate that the blood levels of potassium 
attained were not markedly toxic to the 
heart. Toxic effects on the heart which 
could affect kidney function were thus ap- 
parently minimal. No electrocardiographic 
changes were noted when similar doses of 
sodium were given to 2 animals. 


DISCUSSION 


Under the conditions used, it appeared 
that rise in plasma potassium occurred 
promptly after oral administration and that 
a major accompaniment of this change was 
elevation of plasma sodium. The latter pre- 
sumably explained the increase in absolute 
renal excretion of sodium which appeared 
marked in some animals following potas- 
sium administration. found 
that administration of potassium salts in- 
creased the excretion of sodium for a time 
in swine and in rats. In man, sodium is 
lost in potassium chloride diuresis and vice 
versa.27 Winkler and Smith** found that 
in dogs potassium injection caused a marked 
increase in sodium excretion. Baldwin et al.* 
suggest that in dogs a mutually inhibitory 
effect of potassium and sodium ions on tu- 
bular reabsorption is present. 

In the present study with cattle, the re- 
ciprocal change, i.e., potassium excretion 
when sodium was given, was not marked. 
This would tend to indicate that the bovine 
kidney may distinguish efficiently between 
these two cations. 

Peters!® noted that work to the date of 
his review indicated that administration of 
potassium causes a transitory sodium 
diuresis, perhaps due to the potassium be- 
ing taken up by cells, leaving its associated 
ion to combine with sodium in extracellular 
fluids. Darrow and Pratt in a recent re- 
view® noted that there was usually a re- 
ciprocal relationship between intracellular 
sedium and potassium. 

An interesting observation was the ap- 
parent constancy of absolute urinary mag- 
nesium excretion in the cow under the con- 
ditions used. It was noted previously that 


1.60 


290.00 
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1490.00 


3.100 
0.038 


260 
0.037 
0.085 
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**Some accidental loss of urine. 
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*The electrocardiographic observations were made 
as a part of a continuing study on cardiac function, 
and the authors will include more complete records 
along with records from other animals in a separate 
publication at a future time. 
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in water diuresis the urine-magnesium con- 
centration was inversely proportional to the 
volume of the urine;?! thus, the absolute ex- 
cretion remained the same. A similar rela- 
tionship appeared to hold in the potassium, 
potassium-biotin, and sodium diureses. Con- 
trol by the bovine kidney of the plasma level 
of this important regulatory ion seemed, in 
general, quite efficient under the experimen- 
tal conditions used. A ready explanation 
would thus not be afforded for the hypomag- 
nesemia reported by various investigators 
in cases of tetany in cattle soon after feed- 
ing on young and quick-growing grass and 
wheat high in potassium and water.!3.7.8. 
10-14, 18, 20, 23, 24, 29, 30 

The absolute excretion of calcium, and 
to some extent of phosphorus, appeared to 
be increased by the saline diureses im- 
posed, but to a degree not differing greatly 
from the increased absolute excretion of 
these elements with water diuresis. Curme 
et al.5 noted that in sheep high potassium 
intake was associated with decreased cal- 
cium retention. No explanation is at hand 
for the regular rise in serum inorganic 
phosphate seen upon potassium or sodium 
administration. 

No marked differences were apparent in 
repetitions of potassium trials in 2 animals 
where the potassium was preceded by large 
doses of biotin. 


SUMMARY 


1) Similar doses of potassium chloride 
given alone and preceded by biotin and 
high sodium chloride intake were compared 
in lactating dairy cattle. 

2) Plasma sodium showed a consistent 
rise with potassium chloride administra- 
tion. A concomitant rise in absolute renal 
excretion of sodium appeared marked in 
some animals. 

3) Reciprocal changes in plasma and 
urine potassium when sodium was given 
were not marked. 

4) The urine-magnesium concentration 
was inversely proportional to the volume of 
urine in the potassium, potassium-biotin, 
and sodium trials performed. 

5) A regular rise in serum inorganic 
phosphate followed administration of po- 
tassium or sodium chloride. 

6) Absolute renal excretion of calcium, 
and to some extent of phosphorus, appeared 
increased by the saline diureses imposed, 
but to a degree not differing greatly from 
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the increased absolute excretion of these 
elements with water diuresis. 

7) No marked differences were apparent 
in repetitions of potassium trials in 2 ani- 
mals where potassium administration was 
preceded by large doses of biotin. 
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A Comparative Study of the Intradermal Johnin Test on Cattle 
Artificially and Naturally Sensitized with Mycobacterium 
Paratuberculosis 


DENNIS SIKES, M.S., D.V.M.; HOWARD W. JOHNSON, M.S., D.V.M.; 
W. T. OGLESBY, M.S., D.V.M. 


Baton Rouge, Louisiana, and Auburn, Alabama 


JOHNE’S DISEASE in cattle is a chronic, in- 
sidious infectious disease caused by Myco- 
bacterium paratuberculosis. This organism 
is an acid-fast staining bacterium, resem- 
bling the one causing tuberculosis in man 
and animals in many respects. 

The disease is characterized clinically by 
periodic diarrhea, progressive emaciation 
and, pathologically, by thickening and for- 
mation of folds in the intestinal mucosa. The 
disease is especially prevalent in intensely 
cultivated agricultural districts where, in 
some herds, it causes considerable annual 
losses, especially in young cows. 


EXPERIMENTAL PROCEDURE 


The yearlings used in this series of tests 
were 1 year old and weighed about 400 Ib. 
They were in a good growing state of flesh 
and remained so throughout the experiment. 
Three of the group were sensitized by giving 
60 cc. of a mineral oil suspension containing 
1 Gm. of the viable organisms of M. paratuber- 
culosis through a cannula inserted into the 
peritoneal cavity high in the right flank re- 
' gion. First tests were made thirty days after 
_the animals were given the dose of sensitizing 
-crganisms. The hair was clipped with extra 
‘fine tooth clippers from four 5-in. areas at 
least 4 in. apart, running longitudinally on 
each side of the animals. Four such rows were 
made on each side of these 3 artificially sen- 
sitized animals. 

Five naturally sensitized yearlings were se- 
lected from a herd of about 400 cattle that had 
a yearly mortality rate from Johne’s disease 


This is a coéperative project between the De- 
partment of Veterinary Science, Louisiana State 
University, Baton Rouge, and U. S. Department of 
Agriculture, Bureau of Animal Industry, Regional 
Animal Disease Research Laboratory, Auburn, Ala. 

Dr. Sikes was formerly at Louisiana State Uni- 
versity, Baton Rouge, where the experimental work 
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he is at the Department of Animal Husbandry and 
Veterinary Science, University of Tennessee, Knox- 
ville. Dr. Johnson was formerly in charge of 
Johne's disease research, U. S. Department of Agri- 
culture, Bureau of Animal Industry, Regional Ani- 
mal Disease Research Laboratory, Auburn, Ala., 
and is now in charge of the Bureau of Animal In- 
dustry, Beltsville Station, Beltsville, Md. Dr. 
Oglesby is head of the Department of Veterinary 
Science, Louisiana State University. 


of 1 to 5 per cent. This herd has been known 
to be infected with Johne's disease since 1927. 
Because of the great value of these purebred 
yearlings, there were only three areas clipped 
from each row across the sides, which explains 
the deviation from the pattern used in the ar- 
tificially sensitized yearlings. A new or unused 
area on the sides of the neck was tested each 
time to act as a control. 

Millimeter readings were made with the 
Kummer and Johnson' dermal thickness gauge, 
at the time of intradermal injections of johnin 
and forty-eight hours later. The johnin used in 
these tests was made by the Regional Animal 
Disease Research Laboratory at Auburn, Ala. 
Two-tenths cubic centimeters of johnin was in- 
jected into each clipped area. The top, or first 
row, nearest the vertebral column was injected 
at one-week intervals in the same site. The 
second row at two-week intervals, the third 
row at three-week intervals, and the fourth 
row at four-week intervals. Twenty-seven 
gauge, %-in. needles were used for all injec- 
tions. An increase in skin thickness of 3 mm. 
or more was classed as positive and represent- 
ed by a plus (+) sign. An increase from 2 to 
3 mm. was classed as suspicious and represent- 
ed by a plus and minus (+) sign. All in- 
creases less than 2 mm. were classed as nega- 
tive and represented by a minus (—) sign. 


EXPERIMENTAL RESULTS 


Table 1 gives the results of tests at one- 
week intervals on the artificially sensitized, 
naturally sensitized, and control animals. It 
also gives the number of positive, suspi- 
cious, and negative tests and their relative 
percentages on continually used and unused 
or control areas. 

Table 2 gives the results of tests at two- 
week intervals on the artificially sensitized, 
naturally sensitized, and control animals. It 
also gives the number of positive, suspi- 
cious, and negative tests and their relative 
percentages on continually used and unused 
or control areas. 

Table 3 gives the results of tests at three- 
week intervals on the artificially sensitized, 
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TABLE !—Results of Tests at One-Week Interva's 


Total 
tests Positive 
completed No. tests 


No. tests 
each 
area 


No. 


testing Suspicious 


No. tests 


300 169 56. 16.34 


30 100 0.00 


300 4.34 


50.00 
0.00 


0.00 


TABLE 2—Results of Tests at Two-Week Interva's 

No. tests Total 
each tests 
area 


No. 
testing 
areas 


Suspicious 


No. tests % 


Positive 


completed No. tests 


203 75.18 30 


26 96.30 


24 8.88 


75.55 23.45 
0.00 0.00 


0.00 0.00 
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animal 
Unused areas on 
control animal 


TABLE 3—Results of Tests at Three-Week Intervals 


No. 
testing 
areas 


Total 


tests 


No. tests 
each 
area 


Positive Suspicious 


completed No. tests %X 


180 18 10.00 


0.00 


10.00 


26.67 
0.00 


0.00 


TABLE 4—Results of Tests at Four-Week Intervals 


Total 


tests 


No. 
testing 


areas 


No. tests 
each 
area 


Suspicious 
No. tests 


Positive 


completed No. tests 


30 5 150 3% 7 11 7.33 


0.00 


14.00 


16.00 
0.00 


0.00 


Negative 
No. tests % 


82 


00 
100.00 


100.00 


Negative 
No. tests 7 


89 


0.00 
100.00 


100.00 


Negative 
No, tests 


76 
0.00 


100.00 


100.00 


Negative 


tests 


No. 


0 


104 


00 
100.00 


100.00 
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naturally sensitized, and control animals. It 
also gives the number of positive, suspi- 
cious, and negative tests and their relative 
percentages on continually used and unused 
or control areas. 

Table 4 gives the results of tests at four- 
week intervals on the artificially sensitized, 
naturally sensitized, and control animals. It 
also gives the number of positive, suspi- 
cious, and negative tests and their relative 
percentages of continually used and unused 
or control areas. 

DISCUSSION 

It is a common observation in testing 
with intradermal johnin herds of cattle that 
are known to be infected with Johne’s dis- 
ease that they do not react on repeated tests 
with a uniform regularity or necessarily 
show the same degree of intensity in size 
of reactions. 

An attempt was made to try to find an 
answer to the following questions. 

1) How does the sensitivity of naturally 
and artificially sensitized cattle compare 
when repeated tests are made in the same 
site? 

2) Does a partial local desensitization 
take place in cattle affected with Johne’s 
disease when repeated intradermal johnin 
tests are made in the same site? 

3) Are cattle that are affected with 
Johne’s disease sensitive to the intradermal 
test, even though they fail to react on re- 
peated tests in the same site? 

4) In testing a herd for Johne’s disease, 
' how much time should be allowed between 
tests if they are made in the same site? 

Rider? found that, in 1,100 double intra- 
dermal tuberculin tests on the side of the 
neck of naturally sensitized tuberculous 
cattle, 90 per cent of the negative reactions 
had a swelling not over 2 mm. at forty-eight 
hours and the total increase was not over 
3 mm. In 90 per cent of the positive reac- 
tions, the increase was more than 3 mm. at 
forty-eight hours and the total increase was 
more than 5 mm. 

From tables 1, 2, 3, and 4, it is noted that 
there is a greater number of positive and 
suspicious reactions in the artificially sen- 
sitized animals than in the naturally sensi- 
tized cattle. Their relative percentages are: 
1) Artificially sensitized, retested at one- 
week intervals: 56.33 per cent of all tests 
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positive and 16.34 per cent suspicious while, 
in the naturally sensitized, there were only 
5.66 per cent of all tests positive and 4.34 
per cent suspicious. (2) Artificially sensi- 
tized, retested at two-week intervals: 75.18 
per cent of all tests positive and 11.11 per 
cent suspicious while, in the naturally sensi- 
tized, there were only 8.88 per cent of all 
tests positive and 2.22 per cent suspicious. 
(3) Artificially sensitized, retested at three- 
week intervals: 82.22 per cent of all tests 
positive and 10.00 per cent suspicious while, 
in the naturally sensitized, there were only 
13.88 per cent of all tests positive and 10.00 
per cent suspicious. (4) Artificially sensi- 
tized, retested at four-week intervals: 88.67 
per cent of all tests positive and 7.33 per 
cent suspicious while, in the naturally sensi- 
tized, there were only 16.66 per cent positive 
and 14.00 per cent suspicious. These data 
suggest that these artificially sensitized ani- 
mals did maintain a much higher degree of 
sensitivity than the naturally sensitized. 
Wilson, Schwabacher, and Maier*® were 
able to desensitize partially guinea pigs 
which were sensitized with heat-killed tu- 
bercle bacilli by daily injections of old tuber- 
culin, They believe that desensitization prob- 
ably is never complete in such animals. 
Apparently, it acts not by abolishing allergy 
but by converting a high into a low degree 
of allergy. From tables 1, 2, 3, and 4, it is 
interesting to note that the number of posi- 
tive tests were markedly reduced in the nat- 
urally sensitized animals after the initial 
injections were made upon the sites. For 
example, from table 1, we find only 17 posi- 
tive out of 300 tests; all these occurred on 
the first or initial test and none occurred 
thereafter. In table 2, we find a similar pic- 
ture with 24 positive out of 270 tests. All 
of these positive tests occurred on the first 
test and none thereafter. A little different 
picture occurs in table 3, in which there are 
25 positive out of 150 completed tests. All 
of these positive tests occurred on the first 
two tests. In table 4, a somewhat identical 
picture occurs with 25 positive out of 150 
completed tests. All these positive tests oc- 
curred on the first two tests and none there- 
after. It is obvious that the degree of sensi- 
tivity was greater after a lapse of three or 
four weeks between tests than after a lapse 
of one week. The number of positive tests 
was 17 when retested at one-week intervals 
and 25 when retested at four-week inter- 
vals. Even though there is an increase in 
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sensitivity, it is evident that complete sen- 
sitivity had not been regained. 

The relative percentages of the artificially 
sensitized animals, as shown in tables 1, 2, 
3, and 4, are: At one-week interval, 56.33 
per cent; at two-week intervals, 75.18 per 
cent; at three-week intervals, 82.22 per 
cent; and at four-week intervals, 88.67 per 
cent. It would seem then that the artificially 
sensitized animal, with a relatively large 
available supply of antigenic substances, 
does regain sensitivity in the sites where 
repeated intradermal johnin injections are 
made more quickly than naturally sensitized 
animals. 

It is noted that the animals gave positive 
or suspicious reactions throughout the ex- 
periment in the control or unused areas, Of 
great interest is the lag phase or reduced 
sensitivity in these areas of the naturally 
sensitized animals. This occurred immedi- 
ately after the first injections were made 
in all four rows on each side of the animals. 
This reduced sensitivity lasted for one 
month after the initial injections were 
made. A possible explanation lies in the fact 
that a total of 4.8 cc. of johnin was used in 
the initial injections on each animal and a 
partial general desensitization resulted be- 
cause of this large amount of johnin. 
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SUMMARY 


1) It is shown that the sensitivity of 
cattle artificially sensitized with Mycobacte- 
rium paratuberculosis is greater than nat- 
urally sensitized ones when repeated intra- 
dermal injections are made in the same site 
at one-, two-, three-, and four-week inter- 
vals. 

2) These data suggest that a partial local 
desensitization does take place when re- 
peated injections of intradermal johnin are 
made in the same site. 

3) From these data, it seems that cattle 
affected with Johne’s disease will react to 
intradermal johnin in a previously unused 
site, even though they fail to react when re- 
peated tests are made in the same site. 

4) These data suggest that a lapse of 
time longer than four weeks is necessary 
before retesting a herd of cattle for Johne’s 
disease, if the same testing site is to be used 
each time. 
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An Attempt To Immunize Sheep During an Outbreak 
of Listeriosis 


CARL OLSON, Jr., D.V.M., M.S., Ph.D.; R. H. COOK, D.V.M., M.S.; 
Vv. BAGDONAS, D.M.V. 


Lincoln, Nebraska 


ATTEMPTS AT immunization against lister- 
iosis have been reported by various inves- 
tigators. Graham, Levine, and Morrill! 
have summarized the studies of immuniza- 
tion against experimental infection in lab- 
oratory animals and the use of so-called 
bacterins (suspensions of Listeria mono- 
cytogenes killed by various methods) in 
outbreaks of listeriosis in sheep on farms. 
In general, the various procedures have 
failed to immunize animals against either 
experimental or natural exposure to the in- 
fection. Olson, Cook, and Blore? found 
that sheep exposed to live culture of L. 
monocytogenes two or more times were able 
to resist the intracarotid inoculation of the 
live organism. A single exposure of sheep 
to a living culture of L. monocytogenes ap- 
peared to prevent fatal infection in some 
but not all animals given the organism by 
way of the carotid artery. The injection 
of live L. monocytogenes into the cerebral 
hemisphere of sheep which had previously 
had several exposures to the organism re- 
sulted in death of most of the sheep. 

The pathogenesis of listeriosis is not un- 
derstood. The origin and mode of spread 
of the infection in field outbreaks is likewise 
obscure. The Nebraska Agricultural Ex- 
periment Station, for several years, has 
conducted certain feeding trials with sheep 
at its substation at Scottsbluff, Neb. Usu- 
ally, approximately 500 sheep have been 
purchased as feeders in November, fed un- 
til the following March, and then sold for 
slaughter. The feedlots have been used for 
a number of years, Outbreaks and losses 
from listeriosis have occurred during each 
feeding period for at least the past four 
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years. The extent of mortality has varied 
from year to year. 

In anticipation of another outbreak, a 
plan was developed to ascertain the effect 
of immunization with live cultures of L. 
monocytogenes. Since previous work had 
demonstrated that two such injections 
would immunize sheep against intracarotid 
exposure to the organism, it seemed that 
this procedure done in the early stages of 
a field outbreak might produce results which 
would shed some light on the pathogenesis 
of a natural outbreak of listeriosis. These 
observations constitute’ the basis for this 
report. 


MATERIALS AND METHODS 


In order to test the ability of L. monocyto- 
genes, strain 136, to immunize against intra- 
carotid exposure, subsequent to the work re- 
ferred to previously, further trials were done 
during the fall of 1949. Two sheep were given 
heat-killed cultures (exposed to 65 C. for four 
and one-half hours); 2 sheep received 1 per 
cent formolized culture (1% formalin-killed L. 
monocytogenes in six hours); and 2 sheep 
were given live cultures. These preparations 
were given in 5.0-ml. amounts, subcutaneously. 
Two injections were made seven days apart. 
Seven days after the last subcutaneous injec- 
tion, each sheep received a 24-hour tryptos2 
broth culture (0.05 ml. per lb. of body weight) 
via the carotid artery. One sheep which re- 
ceived heat-killed culture and 1 sheep which 
received formalin-killed culture died in seven 
and sixteen days, respectively after intraca- 
rotid exposure. The remaining 4 sheep sur- 
vived. These results indicate that strain 136 
in the live state still possessed the ability to 
immuniz2 against intracarotid exposure. 

On Nov. 4, 1949, 540 yearling sheep were 
delivered to the substation from New Mexico. 
The sheep were put on pasture for two weeks 
and on November 18 were divided into 12 
groups of 45 sheep each. The lots were ar- 
ranged in two parallel rows, six lots being on 
each side of a center driveway. Each lot was 
provided with its own feed and hay racks and 
water tank. mach group of sheep received a 
different ration. The disease occurred in some 
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sheep of each of the lots, but no correlation 
could be 
disease. The first evidence of listeriosis was 
observed December 13, when 1 sheep was noted 
dull and listless. It died two days later. The 
body temperature prior to death was 107 F. 
The last case of the outbreak died sixty-five 
days later. Thus, the outbreak lasted for 
slightly more than two months. The nature 
of the disease was established by isolation of 
L. monocytogenes from fatal cases. 

The culture vaccine was prepared by grow- 
ing L. monocytogenes, strain 136, in tryptose 
broth medium. Strain 136 was isolated from 
a sheep that died with listeriosis during the 
1947 outbreak of the disease at the Scottsbluff 
substation. The cultures were incubated for 
twenty-four hours at 37 C., then placed in 
rubber-stoppered serum bottles and used for 
immunization about twenty-four hours later. 
Those sheep selected for immunization re- 
ceived two 2.5-ml. doses of the culture vaccine, 
given subcutaneously one week apart. The first 
dose was administered December 21 and the 
second December 28. 

At the time of the first administration of 
culture vaccine, the sheep were divided into 
two groups, one of which was left untreated as 
a control group. Previous experience had indi- 
cated that sheep with listeriosis are likely to 
have an elevated body temperature. Rectal 
temperatures were measured in all of the sheep 
the day before the first vaccination. An arbi- 
trary value of 103 F. was used as the dividing 
point. Four groups of sheep in each of the 
twelve lots were selected. One group contained 
those sheep with a body temperature of less 
than 103 F., a second group those with 103 F. 
or higher body temperature. These first two 
groups received the culture vaccine. The third 
group of sheep had a body temperature of less 
than 103 F., and the fourth group had a body 
temperature of 103 F. or higher. Groups 3 and 
4 did not receive the culture vaccine. In each 
of the twelve lots, groups 1 and 3 were of the 
same approximate number, and groups 2 and 4 
were of the same approximate number. A total 
of 271 sheep were vaccinated, and 268 sheep 
represented the unvaccinated controls. 

Rectal temperatures were taken on all of the 
sheep seven times (on Dec. 20, 23, 27, 30, Jan. 
6, 13, and 20). In order to have somewhat 
comparable data on the rectal temperatures, 
100 sheep of the flock at LincdIn were used for 
study. Beginning on December 23 and con- 
tinuing to January 10, temperatures were taken 
six times at intervals of two to seven days. 

Bacteriologic examinations were made of the 
brains of most and cultures were attempted 
from the spleens and livers of some of the sheep 
that died. The technique of examination was 
as follows. Portions (0.25 cc. to 1 ec.) of the 
cerebellum, cerebrum, and brain stem were 
placed in different tubes of tryptose broth 


made between the ration and the : 
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medium and ground. At the same time, por- 
tions from the same parts of the brain were 
put in a 50 per cent glycerin and salt solution 
for preservation in the refrigerator. If, at 
the end of three weeks, L.. monocytogenes had 
not been isolated from the primary attempts 
at culture, then the material preserved in 50 
per cent glycerin was ground in tryptose broth 
medium for a second attempt at isolation of 
the organism.’ 

During the course of the outbreak, some ob- 
servations were made on the reaction of leu- 
cocytes in the blood, therapeutic attempts with 
penicillin, and therapeutic attempts with the 
serum and blood from sheep recovered from 
the disease. 


RESULTS 


Listeriosis was recognized on the basis 
of physical symptoms in 49 of the sheep, or 
11 per cent of the flock (table 1). Ten 
sheep had died before half of the flock re- 
ceived the culture vaccine. These 10 sheep 


Fig. 1—Sheep recovered from listeriosis ‘with perma- 

nent torticollis. Sheep 833 on the right and sheep 908 

on the left. Photograph taken about six months after 
illness. 


have been counted with the nonvaccinated 
half of the flock. In the week following 
first vaccination, only 1 sheep developed lis- 
teriosis among the 271 sheep receiving the 
culture vaccine. In the same interval, 5 
of the 268 control sheep developed the dis- 
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ease. Following the second administration 
of culture vaccine, 28 sheep receiving the 
culture vaccine became affected with listeri- 
osis and 24 died. Of this number, 21 
showed the first symptoms within ten days 
after receiving the second dose of culture 
vaccine. During the same interval, only 5 
of the control sheep developed the disease 
and died. 

The data were examined to study the 
duration or course of the disease. This was 
the interval between the time symptoms 
were first noted and death of the animal. 
Among the sheep not vaccinated and receiv- 
ing no therapeutic treatment, death usually 
occurred in less than one or two days (3 
died in less than one, 8 died in one day, 
3 in two days, and 1 after 8 days). Among 
those sheep vaccinated and dying from 
listeriosis, the course of the disease was 
slightly prolonged (3 died in less than 
one day, 4 died in one day, 5 in two days, 
6 in three days, 2 in four days, 1 in seven 
days, and 1 after thirty-seven days). 

The symptoms of listeriosis in the early 
part of the outbreak and among sheep not 
vaccinated were, in general, typical of the 
usual field cases of the disease. Early symp- 
toms were dullness, stiffness of the front 


legs, unsteady gait, poor vision, and eleva- 


tion of body temperature. Frequently, 


TABLE !—Morbidity, in Relation to Time, from Lis- 
teriosis During an Outbreak Among 540 Sheep, Begin- 
ning Dec. 13, 1949* 

Non- 
vaccinated 
(268 sheep) 


Days of Vaccinated 
outbreak (271 sheep) 


First vaccination 


ons 


Second vaccination 
6 


MW we 


Total 2s 20 


*Diagnosis by physical symptoms, confirmed by 
isolation of organism from 39 sheep that died. 
**5+1 indicates 5 died and ! sick recovered. 


OLSON—CoO0K—BAGDONAS 


there was a tenacious mucous discharge 
from the nostrils and paralysis of the lower 
lip with drooling. Often, one of the first 
evidences of disease was failure to eat. 
Later, the muscular incoérdination was 
more marked, and often the sheep would 
lean against the fence for support. When 
forced to move, the sheep would tend to 
circle. In some individuals, the head and 
neck would be turned to one side. There 
was no relaxation of the torticollis after 
those sheep were unable to stand. A cloudi- 
ness of the cornea of one or both eyes was 
observed in some cases. The depression 
was progressive, leading to coma. As pre- 
viously mentioned, the course of the dis- 
ease was very rapid, lasting only a few 
hours in some cases. Diarrhea was noted 
in a few cases. 

One case was of particular interest for 
the animal was apparently normal, having 
come to feed a few hours prior to its death. 
While running with its pen mates as they 
were being watched, the sheep fell suddenly 
and died in a few minutes. Blood counts 
were taken immediately and the values for 
leucocytes were characteristic of listeriosis. 
The visceral organs were apparently nor- 
mal, except for the heart muscle which was 
faintly streaked with gray areas. Subse- 
quent bacteriologic examination failed to 
demonstrate L. monocytogenes in any part 
of the brain, but the organism was found 
in the heart muscle, the liver, and the 
spleen. Death, in this case, was probably 
due to heart failure because of localization 
and damage to the heart muscle by L. 
monocytogenes. Such localization in the 
heart muscle has been reported as fairly 
common in listeriosis of the chicken.* 

The sheep developing the disease after 
vaccination displayed somewhat different 
symptoms, particularly in those cases that 
lived three or more days after first evidence 
of the disease. Mucous discharge from the 
nose was absent or scant. Some of these 
animals became unable to stand but their 
sensorium was clear and they continued 
to eat and drink when feed and water were 
brought to them. Their symptoms were 
more those of a transverse myelitis than 
an encephalitis, but no histologic studies 
were made to confirm or deny this concep- 
tion. It was a peculiar sight to see such 
a sheep down, flat on its side, yet with a 
bright eye and willing to eat when its head 
was supported so that it could get at feed 
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or water. The unresponsiveness and “lost” 
attitude of a sick sheep is well known. 

Three sheep were treated by an attending 
veterinarian during the early part of the 
outbreak. These sheep were given peni- 
cillin and lived for two (sheep 1173), four 
(sheep 1167), and eight (sheep 1069) days. 
Since most sheep comparable to these died 
in two days or less, penicillin may have 
prolonged their lives. Counts of leucocytes 
were made on these 3 sheep, two days after 
the administration of penicillin. At this 
time, 1 animal (sheep 1069) was unable to 
stand and was nearly comatose, with a body 
temperature of 101.5 F. Its neutrophils 
numbered 4,233, lymphocytes 892, and 
myelocytes 186 cells per cmm. of blood. 
Another of the group (sheep 1173) had a 
keratitis of the left eye and was down and 
comatose, with a temperature of 103.0 F. 
Its leucocyte count was neutrophils 5,877, 
lymphocytes 1,771, and myelocytes 362 per 
emm. of blood. A third animal (sheep 
1167) that received penicillin was de- 
pressed, had paralysis of the lower lip with 
drooling, tended to circle, and had a tem- 
perature of 103.5 F. Its leucocyte count 
was 6,369 neutrophils, 3,160 lymphocytes, 
and 321 myelocytes per cmm. of blood. The 
numbers of leucocytes were typical of those 
found in sheep with experimentally pro- 
duced listeriosis.* 

Counts of leucocytes were made on 2 
other sick sheep on the first day of i:lness. 
One of these (sheep 937) was depressed, 
nearly comatose, and unable to stand. The 
body temperature was 106.3 F. A count of 
leucocytes revealed 5,938 neutrophils, 2,826 
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lymphocytes, and 570 myelocytes per cmm. 
of blood. Sheep 937 died the same day on 
which symptoms were first observed. The 
other animal (sheep 1034) was dull and 
weak, with a temperature of 103.1 F. Its 
leucocyte count was 3,408 neutrophils, 1,236 
lymphocytes, and 144 myelocytes per cmm. 
of blood. It died the next day. As may 
be noted, both of these sheep showed a 
relatively high number of neutrophils, char- 
acteristic of experimental listeriosis in 
sheep.? 

Two other attempts at therapy of affect- 
ed sheep were made. One of these utilized 
serum from an animal (sheep 6) that had 
been repeatedly exposed in the laboratory 
to cultures of L. monocytogenes. The other 
therapeutic attempts were with whole blood 
from sheep 240. Sheep 240 showed no 
physical signs of disease, but an elevated 
temperature and increased number of neu- 
trophils on December 21 suggested that the 
animal had listeriosis at that time. Sub- 
sequent temperatures and blood counts on 
January 14 were normal, indicating recov- 
ery. The therapeutic trials were done on 
7 sheep which showed symptoms of listeri- 
osis following vaccination. Four of the 
sheep were treated with serum and 3 were 
treated with whole blood. 

Protocols of 4 Sheep Given Serum from 
Sheep 6.—Counts of leucocytes were made 
on the 4 sheep prior to the intravenous 
administration of 50 cc. of serum and again 
twenty-four hours later. 

Sheep 992 was first noted sick January 11. 
Rectal temperature was elevated January 
6. It did not exhibit marked stiffness and 


TABLE 2—Temperatures and Counts of Leucocytes on Sheep with no Physical Symptoms During the 
Outbreak of Listeriosis 


Sheep 


to 


to 


| 


Counts of leucocytes (cells per cmm.) 
Myelo- 


Lympho- 


‘*Mild symptoms of inappetence and 
among those with listeriosis in tables 1 and 2. 


12/30 


Temperatures (degrees F. above 100) 


1/i3 


Neutro- Lympho- Myelo- 


162 
209 


incoérdination December 27. This animal was included 


# 
i 
¢ 
(No.) 1 1/6 1/15 1/20 
119 4.4 1.6 3.0 3.0 2.0 | 
240 4.5 2.4 3.2 1.0 2.4 
¥ 290° 2.0 2.9 1.4 2.0 2.3 0 
1067 3.0 3.0 2.5 3.6 ; 
1000 1.9 3.0 Tm 2.0 oe 
1024 3.2 2.4 4.7 2.0 
349 3.2 4.9 4.9 4.3 ae 
(No.) _ Total __Dhils _ cytes _cytes' Total __phils 
_ 12/21 1/14 ¥ 
240 7,225 3,588 3,251 199 8,375 2,743 4,962 272 
290* 6,200 2,139 3,767 171 5,375 1,411 3,655 134 
1067 12,050 4,338 6,507 181 6,800 986 5,304 289 
1000 5,900 1,947 3,599 221 
1024 6,475 1,554 4,597 | 
349 10,450 1,959 7,890 


was able to get up and eat. There was a 
corneal abscess in the left eye. The num- 
ber of neutrophils on January 14 was in- 
dicative of listeriosis although rectal tem- 
perature was 103.3 F. The animal did not 
improve following administration of serum 
January 14 and died January 19. 


TABLE 3—Body Temperatures of Sheep in Outbreak 
of Listeriosis at Time of Administration of Culture 
Vaccine 


271 sheep 
12 21 9 


259 sheep 
not vaccinated 


vaccinated 
nd 12/28 


103.0+0.7* 


*Mean and standard deviation. 


Sheep 944 was stiff on January 4. Symp- 
toms of listeriosis were progressive until 
it became unable to stand by January 14. 
The number of neutrophils was high (5,751 
per cmm.) at that time, although body 
temperature was normal. Serum was given 
January 14. On January 15, there was no 
improvement of symptoms and the number 
of neutrophils remained elevated (6,610 per 
cmm.). The condition of this animal was 
worse January 19. It became comatose 
and died January 21. 

Sheep 108 was first sick on January 6. 
Three to four days later it was able to 
stand. There was an occasional convulsive 
kicking of all four legs with only moderate 
coérdination. There was slight opisthoto- 
nos. The right cornea was cloudy. Serum 
was given January 14. The number of 
neutrophils was high both before (4,413 
per cmm.) and twenty-four hours (3,742 
per cmm.) after serum administration. The 
sheep continued: to eat although it was 
down. Its condition became worse and it 
died January 22. 

Sheep 908 showed first symptoms Janu- 
ary 14, on the day serum was given. There 
was a stiffness of all four legs. The num- 
ber of neutrophils was high before (6,408 
per cmm.) and twenty-four hours after 
(7,610 per cmm.) administration of serum. 
The condition of the sheep seemed slightly 
worse twenty-four hours after the serum 
was given. Movements of the legs were in- 
coérdinated when the sheep was struggling 
while being held. On January 20, the sheep 
was walking about as though in search of 
food. Prior to this, feed had been brought 
to the sheep. By February 2, the animal 
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was considered recovered although there 
was a residual torticollis (fig. 1). 

The only apparent effect of serum in these 
trials was a probable prolongation of life 
by a few days. Recovery of only 1 of 4 
sheep thus treated is of questionable 
significance. 

Protocols of 3 Sheep Receiving Whole 
Blood from Sheep 240.— About 30 cc. of 
whole citrated blood were given intrave- 
nously. Counts of leucocytes and tempera- 
tures were taken before and from 1 animal 
six hours after administration of the blood. 

Sheep 1198 was first ill January 6 when 
the symptoms were mild. These were evi- 
dent until January 11, when the animal 
had to be helped to its feet because of stiff- 
ness of the front legs. The appetite re- 
mained good. On January 14, stiffness of 
the front legs was not quite so marked. 
Body temperature was normal (101.5 F.) 
although the number of neutrophils (4,257 
per cmm.) indicated active listeriosis infec- 
tion. The number of neutrophils was re- 
duced (2,704 per cmm.) six hours after 
administration of blood. Symptoms of 
listeriosis gradually disappeared, and the 
animal was apparently well on February 2. 

Sheep 925 was first sick January 10. It 
was still able to stand January 14 although 
weak, and the head was turned to the left. 
The moderately elevated number of neu- 
trophils (2,915 per cmm.) and body tem- 
perature (103.8 F.) were suggestive of 
listeriosis infection at this time. No im- 
provement was apparent six hours after 
administration of blood but, by January 19, 
the animal was able to move about actively 
and search for food. It recovered com- 
pletely without any residual symptoms. 

Sheep 833 was first noted sick on Janu- 
ary 14 when it had a stiffness of the legs. 
A high temperature (104.8 F.) and slightly 
elevated number (2,859 per cmm.) of neu- 
trophils suggested listeriosis infection. The 
sheep was still eating. Six hours after the 
administration of blood, the body tempera- 
ture was lowered one degree but there was 
no change in symptoms. The sheep became 
progressively worse during the next several 
days. It continued to eat and eventually 
recovered but had a permanent torticollis 
(fig. 1). 

Control sheep 893 was first noted sick 
with stiffness of the legs on January 9. It 
was unable to stand a day or two later. 
On January 14, it was nearly comatose but 
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would eat a little. Blood counts at this time 
indicated an increased number (3,066 per 
cmm.) of neutrophils. The condition of 
the animal remained about the same until 
February 13 when it died. 

Whole blood from a sheep suspected of 
having listeriosis and recovering without 
showing evident symptoms seemed to have 
a beneficial effect in 3 sheep with listeriosis. 
Two of these sheep recovered completely, 
and the other had a residual torticollis 
probably because of irreparable damage to 
nervous tissue. 

Suspected Listeriosis in Sheep That Did 
Not Show Physical Symptoms.—Since tem- 
peratures were being taken of the entire 
group of sheep, opportunity existed to as- 
certain the possibility of mild, asympto- 
matic listeriosis. This was done by selecting 
a few animals, in which high temperatures 
were noted, and making counts of the 
leucocytes. The data on some sheep are 
given in table 2. Sheep 119, for example, 
had a body temperature of 104.2 F. or 
higher from December 20 to December 30. 
On December 21, the count of neutrophils 
was high and typical of that seen in listeri- 
osis with definite symptoms. On January 
14, the count of neutrophils was low and 
approached the normal level. No other evi- 
dence of illness was apparent but the data 
certainly suggest infection. Sheep 240 had 
an elevated body temperature from Decem- 
ber 20 to December 27 and a moderately 
elevated number of neutrophils on Decem- 
ber 21. Blood was taken from sheep 240 
for use in the therapeutic trials previously 
mentioned. Sheep 290 was also suspected 
of having listeriosis on the basis of the 
body temperatures and the blood counts. 
In addition, it did show very mild symptoms 
of inappetence and incoérdination for one 
day. Because of this, it was regarded as a 
definite case of listeriosis and has been tn- 
cluded as such in other parts of this report. 
Sheep 1067 was also regarded as a case 
suspect of listeriosis. In this case, the 
decrease in neutrophils in twenty-four hours 
was more marked than in the others (table 
2). Sheep 1000, 1024, and 349 were sus- 
pects of listeriosis on the basis of elevation 
of body temperature but blood counts were 
not conclusive in supporting this suspicion 
(table 2). 

Observations on Body Temperature.— 
Analyses on the data of body temperatures 
was difficult because of the various factors 
involved. 
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The mean body temperature with stand- 
ard deviation of 100 sheep at Lincoln, Neb., 
was 102.9 + 0.7 F. This was based on six 
observations of each sheep made during a 
period of seventeen days. There was no 
significant variation of the temperature 
between the six days of observation. An- 


TABLE 4—Isolation of Listeria Monocytogenes from 
Tissue of Sheep that Died 


| Cerebellum 


Direct 
isolation 40/29* 
only 


40/28 40/19 10/8 


From 
glycerinated 
tissue only 
Both 
methods 
combined 


*40/29 40 attempts and Listeria monocytogenes 
isolated in 29. 


21/10 15/3 


40/32 40/30 40/21 10/8 4/4 2/1 


other method of studying body temperature 
was to determine the spread or difference 
between the highest and lowest tempera- 
tures found in the individual sheep. This 
spread or difference was determined for 
each sheep, and the average for the entire 
group of sheep at Lincoln during the seven- 
teen days was 1.4 + 0.4 F. 

In general, the sheep that died with lis- 
teriosis during the course of these observa- 
tions did show an increase in body tem- 
perature. The increase tended to persist 
until the death of the animal. The body 
temperature of 17 of the 29 sheep that de- 
veloped listeriosis following vaccination 
was elevated before the appearance of symp- 
toms. In 2 of the sheep, the temperature 
was increased before the vaccination and 
perhaps they were sick at that time. Four 
of them had their initial elevation of body 
temperature following their first vaccina- 
tion. Twelve sheep of the group displayed 
the first symptoms of listeriosis without 
previous increase of body temperature. 

Examination of the data showed rather 
clearly that there was generally an increase 
of body temperature following the first dose 
of culture vaccine (table 3). The average 
increase as observed was rather small (one 
degree) and, in view of the standard devia- 
tion from the mean, was not statistically 
significant. The observations were made 
forty-eight hours following vaccination, 
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and higher temperatures may have been 
obtained at some earlier period, for ex- 
ample, at twenty-four hours. The tempera- 
ture response did not occur following the 
second dose of culture vaccine. 

Another way of estimating the tempera- 
ture reaction following vaccination was to 
note the change of temperature on indi- 
vidual sheep between December 20 and 
December 23, that is, before the first cul- 
ture vaccine was given to the sheep and 
two days after administration. The follow- 
ing results were obtained on the 271 sheep 
receiving the culture vaccine. In 23 per 
cent of the sheep, the temperature increase 
was two degrees or more; in 30 per cent, the 
increase was from 1.0 to 1.9 F.; in 23 per 
cent, the increase was from 0.3 to 0.9 F. In 
15 per cent of the sheep, there was no 
change of temperature or a variation of 
only 0.2 F. In 6 per cent of the sheep, there 
was a decrease of temperature amounting to 
0.3 to 0.9 F. and, in 3 per cent of the sheep, 
there was a decrease in temperature amount- 
ing to 1.0 to 1.9 F. There was, therefore, a 
rather definite increase of temperature in 
most of the sheep receiving the culture vac- 
cine for the first time. 

The spread of temperatures during the 


period from December 20 to January 20 was 
also determined for the sheep at Scottsbluff. 
Among the vaccinated sheep, this spread of 


temperatures amounted to 2.4 + 0.9 F. In 
the group of sheep not vaccinated and yet 
involved in the outbreak, the spread of 
temperatures was 1.9 0.2 F., or not 
greatly different than the spread noted 
among normal sheep at Lincoln. 

Attempts at Isolation of Listeria Mono- 
cytogenes.—The results of attempts at iso- 
lation of the organism from sheep that died 
are presented in table 4. Listeria mono- 
cytogenes was isolated from 39 of the 40 
sheep that died (actually 43 sheep died but 
material from only 40 was examined). It 
was found in one of the three parts of the 
brain routinely cultured in 38 of the cases. 
Direct isolation from fresh material was 
the best method. However, by use of glv- 
cerinated tissue (stored about three weeks 
in the refrigerator) some additional iso- 
lations were made. Although only four 
attempts were made to isolate the organism 
from the spleen, it was found in all of 
them. The number of observations is far 
too small to determine the significance or 
even frequency of the organism in the spleen 
in field cases of listeriosis. 
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DISCUSSION 


The attempt at immunization against 
listeriosis in the field outbreak must be re- 
garded as unsuccessful. It would appear 
that the single dose of living L. monocyto- 
genes organism had some beneficial effect 
in the first seven days following its admin- 
istration. The second dose of culture vac- 
cine seemed to have a disastrous effect in 
that morbidity from the disease was greatly 
increased. These results are difficult to 
understand. Previous experience” had dem- 
onstrated that the strain 136 of L. mono- 
cytogenes used was not pathogenic for nor- 
mal sheep except when introduced directly 
into the brain or into the carotid artery. 
Other strains of L. monocytogenes have 
been reported as pathogenic when given 
intravenously! and subcutaneously in re- 
peated doses.* Strain 136 has been used 
for multiple subcutaneous injection into 
normal sheep since it was used for the 
preparation of the culture vaccine. Such 
sheep did not die and, therefore, it may be 
assumed that the pathogenic power of the 
strain had not increased. 

If listeriosis naturally develops as a re- 
sult of L. monocytogenes gaining access to 
the brain via the carotid artery, different 
results should have been attained in the at- 
tempt to immunize during the outbreak. 
A possible explanation of the results in the 
vaccinated sheep might be that some addi- 
tional etiologic factor existed and operated 
with the culture vaccine at the time of the 
second dose to cause the development of 
listeriosis. What the results might have 
been in a group of sheep receiving only one 
dose of culture vaccine must remain an 
open question. The suggested therapeutic 
benefit of whole blood from a sheep re- 
covered from natural listeriosis was in 
marked contrast to the lack of effect of se- 
rum from sheep which had had repeated 
injections of a culture of L. monocytogenes. 
This should not be regarded as a thera- 
peutic comparison of whole blood and se- 
rum. While the number of trials were 
small and the work must be repeated on a 
larger. scale, it would appear that blood 
from the sheep with the natural disease 
contained something not present in the se- 
rum from the sheep experimentally exposed. 
This again suggests that something besides 
L. monocytogenes is involved in the patho- 
genesis of the natural disease. Graham, 
Levine, and Morrill! reported that anti- 
serums against L. monocytogenes (prepared 
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in horses and cattle by injecting the organ- 
ism) had no prophylactic value against 
subsequent intravenous exposure of rab- 
bits, calves, or lambs. Julianelle® reported 
that antiserum from rabbits which had a 
high agglutination titer had no neutralizing 
effect on L. monocytogenes when the serum 
and culture were mixed prior to intra- 
peritoneal injection into mice. 

The clinical manifestations displayed dur- 
ing the outbreak were not greatly different 
from those reported by others.®*1:7 The 
existence of asymptomatic listeriosis during 
the course of an outbreak is suggested by 
an increase of body temperature in some 
sheep, accompanied by an increase in the 
number of circulating neutrophils in the 
blood. 

The development of residual symptoms, 
such as continuing torticollis in some -of 
the sheep that recovered, must indicate ir- 
reparable damage to nervous tissue. Olaf- 
son® has noted evidence of permanent cere- 
bral damage (similar to that in so-called 
“dummies” among horses surviving equine 
encephalomyelitis) in sheep recovered from 
natural and experimental infection. This 
type of damage might be due to some factor 
other than L. monocytogenes, since sheep 
can be given a large number of living or- 
ganisms intravenously without any evidence 
of such nerve damage.* 

Observations on leucocytes in the blood 
made during.the course of the outbreak 
clearly indicate an increase in number of 
circulating neutrophils. In this respect, the 
natural disease is similar to experimental 
infection.2, These observations confirm 
those of others.® 


SUMMARY 


An attempt was made to immunize sheep 
during the course of an outbreak of listerio- 
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sis by giving approximately half of the flock 
of 540 sheep two subcutaneous injections 
of living Listeria monocytogenes cultures. 
Only 1 case of listeriosis occurred in the 
vaccinated sheep during one week following 
the first dose of culture vaccine. After the 
second dose of culture vaccine, more sheep 
developed the disease among the vaccinated 
group than among the nonvaccinated control 
group. 

The existence of asymptomatic cases of 
listeriosis was suggested by some sheep 
with temporary elevations of body tempera- 
ture and leucocytosis of neutrophils. 

A sheep which had recovered from mild 
listeriosis in the early part of the outbreak 
provided whole blood which seemed to bring 
about recovery in 3 cases of listeriosis. An- 
other sheep which had had a number of 
previous exposures to living L. monocyto- 
genes provided serum which failed to halt 
fatal listeriosis in 3 of 4 sick sheep. Peni- 
cillin seemed to prolong life in 2 cases of 
natural listeriosis that finally had a fatal 
outcome. 

Observations made during the course of 
the outbreak suggest the existence of some 
etiologic factor in addition to L. monocyto- 
genes in the natural disease of sheep. 
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The Effect of Cortisone on Normal Sheep 


LOUIS W. HOLM, Ph.D.; JACK A. HOWARTH, D.V.M., Ph.D.; 
JOANNE KELLEHER, B.A. 


Davis, California 


THE MANIFOLD effects of cortisone on hu- 
man subjects and in small laboratory ani- 
mals have been studied under a variety of 
conditions. The most pronounced metabolic 
effects have been: increased gluconeogene- 
sis, protein catabolism, and deposition of 
hepatic glycogen;'® increased absorption 
and storage of fat if cortisone were in ex- 
cess;** a lowering of the renal threshold 
for glucose;'! usually an increase in the 
excretion of potassium and chloride and a 
retention of sodium,** although sodium may 
be excreted or may be unaffected. In human 
male patients with Addison’s disease, the 
17-ketosteroid excretion has been observed 
to increase.* In the human female patient, 
cortisone may cause mild hirsutism. 

The blood cell picture has been observed 
to change under the influence of adminis- 
tered cortisone. The changes reported in 
human patients and in experimental animals 
include increases in the total leukocytes? 
and in the percentage of circulating neu- 
trophils and decreases in the percentages of 
lymphocytes and eosinophils.'® As a result 
of prolonged administration of the hormone, 
the hemoglobin content of the blood may in- 
crease. 

Because of the limited amount of corti- 
sone available for investigational work, the 
experience with the hormone in large do- 
mestic animals has been limited. Doyle et 
al.” used cortisone in a therapeutic trial on 
swine affected with rheumatoid disease. 
Hatziolos and Shaw” reported that 1 case 
of bovine acetonemia treated with cortisone 
responded favorably. Further data on the 
effects of cortisone and other adrenal hor- 
mones on large animals are lacking. 

The data of Cook et al.4 and McCandless 
and Dye!* indicated that there was a rela- 
tive deficiency of the pituitary-adrenal 
mechanism for endogenous gluconeogenesis 
in ruminants. The biochemical and histo- 
pathological studies of Shaw'*!° showed 
that bovine acetonemia may be considered 
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as a disease of adaptation, as elucidated by 
Selye.17 Such information points to the 
necessity for more knowledge of the activi- 
ties and effects of adrenal stereoids in large 
animals. 

The present communication contains the 
results of a short-term study on the blood 
constituents and the electrocardiograms of 
sheep before and after the administration of 
cortisone. 


METHODS 


Five nonpregnant l-year-old ewes, weighing 
90 to 110 lb., were used in this study. For 
several days prior to the experimental period, 
the animals were handled and bled, so that 
they became acclimated to the experimental 
procedure. Four ewes were subjected to elec- 
trocardiographic techniques. For a period of 
six days, the ewes were bled and electrocardio- 
graphic tracings were made at the same time 
each day to establish a normal range of values 
for the animals. Blood was taken by jugular 
venipuncture. Ammonium oxalate was used 
as an anticoagulant because both sodium and 
potassium were to be determined on the sample. 
Total blood cell counts and differential leuko- 
cyte counts were made. Hematocrits were deter- 
mined. Blood analyses included the following: 
whole blood glucose by the method of Folin 
and Malmros’ with the Shaffer-Hartmann- 
Somogyi zinc precipitant, and plasma chloride 
by the method of Whitehorn. Plasma sodium 
and potassium were determined on the Beck- 
mann flame spectrophotometer. Sodium was 
determined at 589 » and potassium was deter- 
termined at 767 uw. Ringer’s solution was used 
as a standardizing solution for the determina- 
tion of these ions. 

The electrocardiograms were made with a 
Sanborn viso-cardiette. Plate electrodes and 
standard limb leads were used throughout. The 
records were taken while the animal was stand- 
ing in a specially constructed wooden chute 
designed to eliminate the pick up of interfering 
electrical currents. 

Cortisone acetate* in saline suspension was 
injected intramuscularly into each of 4 of the 
animals according to the following schedule: 

First and second days ... 100 
morning and evening. 


mg. 


*Cortone acetate® was supplied to us through 
the courtesy of Merck & Co., Inc., Rahway, N. J 
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Third, fourth, and fifth days... 
mg. in the morning only. 

Sixth and seventh days .. 
morning and evening. 


. 100 mg. 


The fifth ewe received 200 mg. of cortisone on 
the morning of the first day only. In this 
animal, blood samples were drawn 3%, 5%, 
12, 24, and 29 hours after the injection. 

Although cortisone is administered on an 
individual basis rather than on a weight basis, 
the dosage in these schedules was moderately 
high. In human adults, 100 mg. per day are 
usually administered after high initial doses, 
even in acute conditions such as rheumatic 
fever. 

RESULTS 


Single Injection of 200 Milligrams of 
Cortisone into 1 Ewe.—The results of this 
phase of the experiment are tabulated in 
table 1. 

Daily Injection of Cortisone for Seven 
Days.—The normal percentage values for 
the hematocrit of ewes after six days’ read- 
ings were found to be: sheep A, 43 + 0; 
sheep B, 43 + 1; sheep D, 44 + 3; and 
sheep 304, 43 + 2. After the administra- 
tion of 400 mg. of cortisone, the hematocrit 
tended to lie in the lower limit or slightly 
below the preinjection range. On the fifth 
and sixth days of injections, sheep D had 
packed cell percentages of 33 and 36, respec- 
tively. 

Except for the decrease in the numbers of 
red cells accompanying the low hematocrit 
reading, there was no significant change in 
the red cell count or in the hemoglobin per- 
centage of the blood during the time corti- 
sone was administered. 

In animals .A, D, and 304, there was a 
marked increase in the number of circulat- 
ing leukocytes on the third day of injections. 
In animal A, there was an increase from a 
preinjection average of 7,500 to 12,250 cells 
per 1 cmm.; in animal D, there was a similar 
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increase from 6,600 to 11,900 cells per 1 
cmm., and in animal 304, the increase was 
from 5,900 to 9,000. In sheep D, the high 
number of leukocytes was maintained 
throughout the period of injections. In ani- 
mals A and D, the leukocyte count fell to 
normal by the sixth day, but increased 
slightly under the influence of the double 
injections which occurred on the sixth and 
seventh days. Preinjection numbers were 
found in all animals two days after the 
cessation of injections. 

There was a marked but very transitory 
shift in the percentage of circulating neu- 
trophils in animals A, D, and 304. In sheep 
A, the circulating neutrophils rose from a 
preinjection percentage of 31 to 58; in sheep 
D, the rise was from 40 to 58 per cent, and 
in sheep 304, the rise was from 29 to 52 per 
cent. After the third day of cortisone in- 

‘tions, the percentage of neutrophils fell 
: .eadily and was not influenced by the dou- 
bled injections on the sixth and seventh 
days. In sheep B, the neutrophil percentage 
increased only after the increase in corti- 
sone injections on the sixth day. Under 
these conditions, the percentage rose from 
32 to 50 on the first day after injections 
were discontinued. 

There was a converse shift in the per- 
centages of circulating lymphocytes. In 
sheep A, the percentage fell from a preinjec- 
tion average of 63 to 40 on the third day of 
injection. In sheep D, the comparable per- 
centages were 55 to 36 and, in sheep 304, 61 
to 43. Sheep B again showed a delayed re- 
sponse, the drop in the number of lympho- 
cytes occurring only after the cortisone 
dosage was doubled on the sixth and seventh 
days. The decrease was from 64 to 42 per 
cent. 

No decrease was observed in the number 
of circulating eosinophils in this phase of 
the experiment. The preinjection percentage 


TABLE |—Effect of a Single 200-Milligram Injection of Cortisone on Blood Constituents in | Ewe 


Prein- 
jection 3% hr. 
Whole blood glucose 
per 100 cc.) 
Plasma _ chloride 
liter) 
Plasma sodium (mEq. per liter) 
Plasma potassium 
liter) 
Total leukocytes (per cmm.).. 
Neutrophils (%) 
Lymphocytes (%) 
Eosinophils (%) 


(mg. per 


47.0 


105.0 

143.0 143.0 
(mEq, per 
4.8 
6,850.0 
30.0 
63.0 
4.0 


4.4 
8,750.0 
50.0 
44.0 

1.0 


After cort isone 


5%% hr. 12 hr. 24 hr. 


29 hr. 


50.0 63.0 46.0 
108.0 


142.0 


107.0 


152.0 


105.0 
146.0 
4.7 4.7 
6,000.0 
47.0 56.0 
52.0 41.0 
0.0 0.0 


4.8 
6,850.0 
54.0 
42.0 
1.0 


11,400.0 
39.0 
53.0 

3.0 


100 
48 hr 
47.0 

4.8 

8,450.0 

37.0 

58.0 

3.0 
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of 2 to 4 was found throughout the in- 
jection period. Five days after the cessa- 
tion of injections, and for four days there- 
after, the eosinophil percentage rose in 3 
sheep to a range of 7 to 13. 

The results obtained on blood and plasma 
analyses are summarized in table 2. The 
preinjection levels of whole blood glucose 
in the 4 ewes was found to be somewhat 
lower than accepted normal values. They 
are no lower, however, than values which 
we have obtained on other healthy sheep in 
the University of California flock. 

A blood glucose increase was observed in 
3 of the animals after cortisone had been 
administered for two days. The glycemic 
response of sheep A and B was most marked, 
the peak concentration occurring seventy- 
two hours after the first injection. In these 
2 sheep, the glucose concentration tended 
to return to normal values but was increased 
after cortisone injections were doubled. 
The increase was most marked in sheep A. 
Sheep D showed less glycemic response, 
but the glucose concentration did reach 
a peak of double the normal concentration 
after cortisone injections were doubled. 
Sheep 304 showed no increase in glucose. 

Since no urine was collected, there are 
no data on the urinary glucose. Glucose 
tolerance was not determined at any time 
during the experimental period. 

The tabulated data show that plasma 
chloride was increased through the third 
day of injections and then decreased below 
preinjection levels. It was again retained 
on the seventh day, after the cortisone dos- 
age was doubled. 

The plasma potassium levels were elevated 
through the fourth day of injections in all 
animals. In sheep A and B, the level of 
potassium was again elevated as a result of 
increasing the cortisone dosage. 

No retention or loss of sodium occurred. 
There was some day-to-day fluctuation in 
the sodium concentration before and after 
the administration of cortisone. Some of 
this variance might have been caused by 
the sensitivity of the flame spectrophoto- 
meter. Some variance was undoubtedly 
caused by a real day-to-day fluctuation in 
sodium concentration. 

Both high and low 


potassium 
levels can be detected by observing the T 
wave and the S-T segment of the electro- 
cardiogram. It was for this reason that elec- 
trocardiograms were taken on the sheep. 


plasma 


It was thought that the tracing would serve 
as an added check on the potassium analy- 
ses. Subsequent work, which has been done 
in this laboratory on the effect of high 
plasma potassium levels on the electrocardi- 
ogram of sheep, has indicated that the levels 
of potassium found in the animals on corti- 
sone regimen were not high enough to influ- 
ence the amplitude of the T wave or the con- 
figuration of the S-T segment. 


DISCUSSION 


In considering the metabolic reaction to 
cortisone or other adrenal steroids, a cardi- 
nal point is the fact that no fixed amount 
of hormone represents a physiological dose. 
The needs of the tissues vary widely. A 
dose which may be pharmacological under 
optimal conditions may be less than optimal 
under conditions of stress and may not pre- 
vent hypocorticalism. Cortisone, therefore, 
is administered until a desired effect is 
achieved, but signs of a high degree of 
hypercorticalism are countered by with- 
drawal of the hormone. 

During hypercorticalism, there is an in- 
creased mobilization of amino acids from 
the peripheral tissues. Lymphoid tissue is 
the most susceptible to the hypercortical 
state. Although not the sole factor control- 
ling the release of lymphocytes into the peri- 
pheral blood stream, the adrenal cortex is 
one of the important ones. The lympho- 
cytopenia which occurs during periods of 
stress is caused by the increased activity 
of the adrenal cortex. Adrenal steroids, 
such as cortisone, with an oxygen atom in 
position 11 are the adrenal constituents re- 
sponsible for the lymphocyte shift. Because 
of this phenomenon, cortisone is being in- 
vestigated for its therapeutic value in hu- 
man cases of chronic or acute leukemia and 
of lymphosarcoma.'* 

The increase in neutrophils is also a com- 
mon finding in cortisone-treated animals. 
The hormone has been used successfully in 
treating a case of profound agranulocytosis 
in a human subject.? 

Our data show that the action of cortisone 
in releasing neutrophils and suppressing the 
lymphocytes is rapid in the ovine species. 
Detectable changes occurred in three and 
one-half hours after the administration of 
200 mg. of the hormone; these shifts per- 
sisted for twenty-four hours. The signifi- 
cance of the increase in the number of total 
circulating leukocytes after a single injec- 
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tion is not known because no data are at 
hand to show the degree of diurnal variation 
in the leukocytes in sheep. 

In sheep receiving cortisone injections 
each day for seven days, diurnal variation 
of leukocytes may be neglected because sam- 
pling was done at the same time each day. 
The increase in total circulating leukocytes 
in these animals is a real function of adreno- 
cortical hormone activity. 

The eosinophil response to cortisone var- 
ied with the condition of the experiment. 
The transitory eosinopenia seen in the sheep 
given a single injection was not seen in the 
other 4 animals on a daily injection sched- 
ule. This may have been due to the fact 
that blood samples in the latter sheep were 
not taken early in the course of injections. 
The marked eosinophilia found after the 
cessation of multiple injections has not been 
emphasized in other reports. Since adrenal 
steroids have a selective action on mesen- 
chymal tissue, it is possible that the rise in 
eosinophil percentage was caused by a 
metaplasia of tissue fibroblasts. This phe- 
nomenon could be coupled with a blocking 
action of cortisone which prevented the 
eosinophil release until the hormone concen- 
tration was negligible. 

The hematocrit values obtained in this 
study are at variance with those reported by 
Holman,'” who found an average packed cell 
percentage of 30.5 and a range of 22.0 to 
39.0 in 100 sheep over 3 months of age. Our 
values correspond more closely with those 
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obtained by Becker and Smith,' who re- 
ported an average packed cell percentage of 
37.9 + 0.36 in 108 determinations on sheep 
blood. It is possible that the decrease in 
packed red cell volume on the fifth and sixth 
days of injections reflects the rather wide 
fluctuations which have been reported. In 
view of the electrolyte values obtained dur- 
ing these days, and the constancy of the 
electrocardiogram, a frank hydration of the 
animal was unlikely. 

In nonruminants, the glycemic response 
to cortisone or other agent is determined 
on a fasting animal. Fasting levels in rumi- 
nants are obtained only after the animal has 
been off rations for three or four days. 
Hence, fasting blood sugar could not be de- 
termined in this experiment. 

Experience in human subjects has shown 
that the effects of cortisone on carbohydrate 
metabolism may vary widely. Sprague et 
al.2° reported that no significant change is 
usually found in the fasting blood glucose 
of cortisone-treated patients. In some cases 
where the individual is on a high dosage, 
a diabetes has been produced.*! This has 
been characterized by glycosuria, ketonuria, 
and acidosis. In a few individuals, these 
signs become apparent after eight days of 
therapy. 

’ The glucose response observed in the 1 
sheep given a single 200-mg. injection was 
remarkably rapid and persisted for approxi- 
mately twenty-four hours. The degree of 
hyperglycemia observed after a single 200- 


of Cortisone on Blood Glucose and Plasma 


Electrolytes of 4 Ewes 


200 mg 


° Preinjection 
Whi. blood A 20.0 20.0 
B 27.0 36.0 
30.0 33.0 
23.0 49.0 


glucose 
(mg. per D 
100 ml.) 304 


Plasma A 
sodium B 
(mEq. per D 
liter) 304 


.- 137.0 168.0 149. 
- 164.0 152.0 166. 
. 168.0 149. 

- 145.0 159.0 146 


Plasma A 
potassium B 
(mEq. per D .... 
liter) 5.8 


5.4 5.1 5 


108.0 108.0 108.0 108. 
108.0 108.0 106.0 107.0 105.0 108. 
. 108.0 108.0 104.0 107.0 108 

--++ 109.5 109.5 109.5 109.5 109.5 


Plasma A 
chloride B 
(mEq. per D 
liter) 304 


108.0 108 


After cortisone injections 


200 mg. 


100 mg. 
100 meg. 
100 mg. 


200 mg. 
200 mg 


66 
41 


50 


0 31. 


0 148. 
149. 
0147 
0144 


149.0 139. 
147.0 147 
144.0 149. 


5 
5.7 
5 


5.9 5.2 
118 
. 118.0 
110.0 
. 113.0 


101.0 101 101.0 109.0 101.0 109. 
101.0 101.0 99.5 108.0 105.0 107. 
101.0 104.0 101.0 116.0 104.0 107. 
107.0 104.0 107.0 115.0 110.0 110.0 109.0 


| 
4 
3 
0 27.0 36.0 63.0 72.0 0 50.0 0 66.0 52.0 38.0 34.0 
- 0 22.0 25.0 53.0 75.0 a: 28.0 [: 46.0 43.0 38.0 36.0 
0 32.0 33.0 44.0 37.0 0 46.0 FE.0 71.0 68.0 44.0 36.0 
0 25.0 25.0 37.0 44.0 33.0 34MMIO 44.0 36.0 30.0 28.0 
0 153.0 161.0 152.0 149.0 152.0 146 0 175.0 161.0 158.0 ‘ 
0 146.0 161.0 149.0 0144 0 160.0 153.0 144.0 \ 
0 147.0 157.0 0 157 0 143.0 152.0 
0 160.0 146.0 153.0 0151 0152.0 143.0 147.0 ... 
0 5.3 5.3 6.7 6.6 5.6 5.9 6.4 5.7 5.3 _ 
5.5 5.6 6.2 6.4 5.2 6.3 6.1 
4.7 5.2 4.9 6 5 9 5 5.2 5.1 
5.5 5.5 5.6 5.4 5.3 
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mg. injection of cortisone was the same as 
that found after 4 animals had received 400 
mg. each. This would imply that the gly- 
cemic response did have a limit and that 
if cortisone were to be used for a relatively 
short and moderate hyperglycemic effect a 
single large dose might suffice. However, 1 
of the 4 animals on the multiple injection 
regimen did not respond at any time, and 
the time relations of the response in the 
remaining 3 sheep did not correspond with 
one another. These factors should be taken 
into account in interpreting any glucose lev- 
els obtained with cortisone, and they re- 
emphasize the point that the hormone should 
be administered on an individual response 
basis. 

The mobilization of ions in a cortisone- 
treated subject may vary considerably, de- 
pending upon the dosage and the duration 
of therapy. Cortisone, at 200 mg. per day, 
may cause sodium retention in the human 
subject® § or, if treatment is prolonged, 
may cause sodium excretion and _loss.*° 
Plasma potassium and chloride levels fre- 
quently fall after five or six weeks of 
treatment. This fall reflects an intracellular 
potassium deficit and produces a hypopotas- 
semic, hypochloremic alkalosis. 

The data which we obtained on the sheep 
receiving multiple injections agree with 
those obtained in the human subject receiv- 
ing 100 mg. of cortisone per day. The 
transitory shifts in potassium and chloride 
observed in our experiment indicated the 
possible direction of ultimate shift, but they 
were not severe enough to produce an acido- 
sis or an alkalosis. 


SUMMARY 


When a single dose of 200 mg. of cortisone 
acetate (cortone acetate®) was injected into 
1 ewe, a hyperglycemia resulted after three 
and one-half hours and persisted for twenty- 
four hours. There was no change in the 
plasma electrolytes. There was no signifi- 
cant increase in the total number of circu- 
lating leukocytes, but there was an increase 
in the percentage of neutrophils and a de- 
crease in the percentage of lymphocytes. A 
transitory eosinopenia was observed. 

When cortisone was administered to 4 
sheep for seven consecutive days, the gly- 
cemic response was more sustained in 3 of 
the animals. One ewe did not respond. A 
transient increase was noted in the plasma 
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potassium and chloride; this was followed 
by a decrease in concentration to below pre- 
injection levels before the return to the 
normal range. No change was observed in 
sodium concentration. There was an in- 
crease in the number of total circulating 
leukocytes, an increase in the percentage of 
neutrophils, and a decrease in the per- 
centage of lymphocytes. A_ postinjection 
eosinophilia persisted for four days. 

There was considerable variation in the 
degree and the time of maximal metabolic 
response among the 4 ewes. 
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Studies on the Pathogenicity of Brucella Abortus for Swine. | 


F, V. WASHKO, D.V.M., Ph.D.; W. W. BAY, D.V.M., M.S.; C. R. DONHAM, D.V.M., M.S.; 
L. M. HUTCHINGS, D.V.M., Ph.D. 


Lafayette, Indiana 


REVIEW OF LITERATURE 


For many years, most investigators have be- 
lieved that swine were rarely, if eyer, naturally 
infected with Brucella abortus. Huddleson' 
stated, in 1943, “No one has reported the isola- 
tion of Br. abortus from naturally infected 
swine.” Graham et al.,? in 1930, fed milk from 
10 Brucella-infected cows to 7 pregnant gilts 
for approximately ten weeks but failed to pro- 
duce evidence of infection by this means. Gil- 
man and co-workers,’ in 1934, were likewise 
unable to infect hogs experimentally with Br. 
abortus. Later, in 1949, McCullough and Eisele 
reported the recovery of Br. abortus and Bru- 
cella melitensis from swine carcasses sampled 
at random in a Chicago packing plant. These 
recoveries were from 8 naturally infected swine 
which came from different sources. Borts, Mc- 
Nutt, and Jordan® isolated Br. melitensis from 
12 hogs in Iowa in 1946. 

Studies of Brucella interspecies transmissi- 
bility at- the Purdue University Agricultural 
Experiment Station,® in 1947, have shown that 
Brucella suis infection was readily induced in 
cattle by artificial exposure through the teat 
canal. 

Manthei’ reported that Br. melitensis was re- 
covered from 2 of 6 heifers placed in contact 
with 26 goats naturally infected with Br. meli- 
tensis. Taylor et al.* indicated that Br. meli- 
tensis infection was found as a naturally oc- 
curring disease of cattle in France. 

Thus, it has been shown that all of the rec- 
ognized types of Brucella (abortus, suis, and 
melitensis) have been isolated from both swine 
and cattle. 

If natural Br. abortus infection occurs com- 
monly or even occasionally in swine, its im- 
portance could scarcely be overemphasized. 
Not only would this possibly be of economic 
importance to the swine industry, but the haz- 
ard of spread from carrier swine to cattle 
likely would present an additional problem in 
the control of the disease in cattle. Also, if 
swine commonly serve as a reservoir of Br. 
abortus infection, it would be an additional 
hazard to human health for swine raisers, 
handlers, and particularly butchers. This would 
be true regardless of whether or not Br. abortus 
infection in swine resulted in recognizable clin- 
ical disease. 
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EXPERIMENTAL PROCEDURE 


In the studies reported here, efforts were 
directed toward transmitting Br. abortus in- 
fection from cattle to swine by feeding infected 
cow’s milk to swine. The infected cow’s milk 
used was obtained from 6 dairy cows which 
had been successfully exposed artificially to 
Br. abortus. Such infected milk was fed to a 
total of 22 swine, three to five months old. 
Four separate trials were conducted. All of the 
experimental animals, both cows and pigs, were 
free from brucellosis, so far as could be deter- 
mined by standard methods, at the time of en- 
tering this experiment. 

In the first trial, an open Guernsey cow was 
exposed to two laboratory strains (56 and 
3003) of Br. abortus by injecting 6 cc. of a liv- 
ing suspension (adjusted turbidity to No. 1 
McFarland’s nephelometer) into the right front 
and right rear quarters of the udder. After 
infection had been established in the udder, as 
evidenced by repeated isolations of living Br. 
abortus from the milk, it was fed to 5 pigs for 
approximately three months. The cow and the 
pigs were kept in a small outside lot and were 
fed and watered from the same containers. 
During this feeding period, milk samples from 
the cow were examined three times weekly. 
These examinations showed that this cow con- 
tinued to shed viable Br. abortus in the milk 
during this period. 

Individual blood samples were obtained from 
all animals at weekly intervals. Such blood 
samples were examined for Brucella organisms 
by direct culture methods, using tryptose-agar 
(Difco) plates incubated under 10 per cent CO, 
at 37 C. Contaminated samples were injected 
into guinea pigs which were killed after thirty 
days and examined for Brucella organisms. The 
agglutination responses of blood samples were 
determined by the rapid plate-agglutination 
test as described by Huddleson,’ using plate 
antigen as prepared by United States Bureau 
of Animal Industry at serum dilutions 1 : 25, 
1 : 50,1: 100,1 : 200, and 1: 400. 

At the termination of the feeding period, the 
pigs were brought to autopsy for bacteriological 
examinations. The tissues examined were pop- 
liteal, prefemoral, inguinal, iliac, mesenteric, 
bronchial, gastrohepatic, cervical, mandibular, 
and suprapharyngeal lymph nodes, and liver, 
spleen, kidney, heart, and lung. These swine 
tissues were plated directly on tryptose agar 
(Difco) and composites of tissue triturates 
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were injected into guinea pigs. The guinea pigs 
were brought to autopsy after thirty days and 
their tissues examined for Brucella organisms 
as above. 

In the second trial, 1 nonpregnant cow and 
5, 3-month-old pigs were used. The methods 
employed. were the same as those described 
above except as follows: (1) The cow and pigs 
were not kept in the same pen. (2) The period 
of feeding Brucella-infected milk to the pigs 
was five months. (3) At the end of the trial 
pericd, the cow, as well as the swine, were 
brought to autopsy for bacteriological examina- 
tion. 

A third trial was conducted using 2 cows 
and 6 pigs. The methods used were the same as 
above except as follows: (1) One of the cows 
used was not pregnant and the other was in 


abortus which had been recovered from the 
suprapharyngeal lymph node of a hog in the 
previous trial, and the other to a strain of Br. 
abortus which had been recovered from the 
submaxillary lymph node of a hog examined at 
a large commercial slaughtering establishment. 
(2) The suspension of Br. abortus was injected 
into all four quarters. (3) One cow was ex- 
posed to approximately 1,140,000,000 organisms 
per quarter and the other to approximately 
6,200,000,000 organisms per quarter. (4) Au- 
topsy examinations were conducted seven 
weeks after institution of the trial. (5) Blood 
samples were drawn twice weekly. 


EXPERIMENTAL RESULTS 
First Trial (Table 1).—No high, defi- 


TABLE !—Results of Serum-Agglutination and Blood Cultural Examinations of Swine Fed Brucella Abortus- 
Infected Cow's Milk 


Agglutination response, days after initiation of milk feeding 
41 51 


20 23 30 37 


*Recovery of Brucella suis 
agglutination. negative 


the fifth month of pregnancy when exposed. 
(2) The cows were exposed using two different 
strains of Br. abortus, One strain was recovered 
from the milk of the cow used in the second 
trial. The other strain had been recovered from 
the submaxillary lymph node of a hog cultured 
at a large Midwestern slaughtering establish- 
ment. (3) The cows and pigs were housed to- 
gether in a barn for one month and, difing 
the latter period of the trial, the cows were 
kept in a small outside pen adjoining the barn. 
(4) Beginning at the end of the first month 
after initiation of milk feeding, 1 pig was 
brought to autopsy each successive week, ex- 
cept for a two-week interval between the last 
two autopsies. 

In a fourth trial, 2 cows and 6 swine were 
used. The metheds used were similar to those 
of the previous trials except as follows: (1) 
One cow was exposed to the strain of Br. 


complete agglutination. 


Autopsy 
cultural 
results for 
Brucella 
Positive* 
Negative 
Positive* 
Positive* 
Negative 


partial agglutination. T trace of 


nitely positive blood serum-agglutination 
titers were observed in any of these 5 pigs, 
even though Brucella organisms were re- 
covered five times from the blood of 1 pig 
(No. 3326) and from the tissues of this one 
and from the tissues of 2 others (No. 3322 
and 3328 at autopsy. The cultures obtained 
conformed to the characteristics of Br. suis. 
Repeated cultures of the cow’s milk used to 
feed these pigs gave Br. abortus only, not 
Br. suis. 

Second Trial (Table 2).—Only slight, 
transient blood serum-agglutination titers 
were elicited in 3 of these pigs, the remain- 
ing 2 being entirely negative. 

Brucella organisms were not recovered 
from any of these pigs. Brucella abortus was 


TABLE 2—Results of Serum-Agglutination and Blood Cultural Examinations of Swine Fed Brucella Abortus- 
Infected Cow's Milk 


Agglutination response, days after initiation of milk feeding 


7 27 33 41 


complete agglutination. 


partial agglutination. T 


Autopsy 
cultural 
results for 
61 76 97 Brucella 
Negative 
Negative 
Negative 
Negative 
Negative 


trace of agglutination, negative. 


(No.) 58 65 
"3322 
3324 
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3328 3 T T 
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( No.) 55 
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recovered repeatedly from the cow’s milk 
fed to these pigs. 

Third Trial (Table 3).—More pronounced 
and persistent blood serum-agglutination 
titers were observed than in the previous 
two groups of pigs. In 3 pigs, diagnostic 
titers were recorded for the first time on 
the fifty-fifth day after the feeding of in- 
fected milk was started. The 3 other pigs 
had been slaughtered with negative titers 
prior to the fifty-fifth day. 

Brucella abortus was recovered repeatedly 
during the period of the experiment from 
the milk of the 2 cows. One of these cows 
aborted during her seventh month of preg- 
nancy, and Br. abortus was recovered from 


TABLE 3—Results of Serum-Agglutination and Blood 


Cultural Examinations of Swine 


WaSH KO—BA Y—DONHAM—HUTCHINGS 


agglutination titers indicative of infection 
were not observed in this group of swine. 
Brucella organisms were not recovered from 
the blood of the swine during the course of 
the trial. Autopsy failed to reveal the pres- 
ence of living Brucella in any of the swine 
carcasses. Both cows became infected fol- 
lowing exposure, as measured by the blood 
serum-agglutination response and recovery 
of Brucella. One cow died during the second 
week of the trial. Living Br. abortus was 
recovered from the milk of each of the four 
quarters of this cow up until the time of 
death and from the milk of the four quar- 
ters of the other cow throughout the milk- 
feeding period. Brucella abortus was recov- 


Fed Brucella Abortus- 


Infected Cow's Milk 


Agglutination response, days after initiation of milk feeding 


34 41 


* 


_*Removed for slaughter. P 
tination negative. 


both the fetus and placenta. Brucella abor- 
tus was recovered from the blood of this 
cow intermittently during the period of this 
experiment and, at autopsy, from the spleen, 
lung, uterus, udder, and the prefemoral, 
popliteal, mesenteric, bronchial, and supra- 
mammary lymph nodes. 

Brucella organisms were recovered, at 
autopsy, from 2 of the 6 pigs in this group. 
One of these cultures (from the supra- 
pharyngeal and middle cervical lymph nodes 
of pig 112) typed as Br. abortus, but the 
other (from pig 120) typed as Br. suis and 
was obtained from four different lymph 
nodes, i.e., superficial inguinal, bronchial, 
mandibular, and gastrohepatic. 

Fourth Trial (Table 4).—Blood serum- 


partial agglutination. 


Autopsy 
cultural 
results for 


62 69 76 Brucella 


Pos. (Br. abortus) 
PTT (Br. suis) 


T trace of agglutination. complete agglu- 


ered from the blood stream of the latter 
cow on the thirtieth day after exposure. At 
autopsy, this animal revealed the presence 
of living Br. abortus in the spleen, bladder, 
udder, and in the prefemoral, popliteal, in- 
ternal and external iliac, mesenteric, bron- 
chial, gastrohepatic, cervical, mandibular, 
and suprapharyngeal lymph nodes. 
DISCUSSION 

In these trials of feeding Br. abortus-in- 
fected cow’s milk to pigs, organisms which 
typed as Br. suis were recovered from 4 of 
a total of 22 pigs. This raises at least three 
questions which can not be answered satis- 
factorily at this time. 

1) Were these pigs exposed to an unde- 


TABLE 4—Results of Serum-Agglutination and Blood Cultural Examinations of Swine Fed Brucella Abortus- 
Infected Cow's Milk 


_Agglutination response, 


7 13 20 27 


*Died. P partial agglutination 


days after initiation of milk feeding 
35 41 


trace of agglutination 
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Negative 
Negative 
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Negative 
Negative 
Negative 
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termined source of Br. suis as well as the 
intentional exposure to Br. abortus? This 
possibility certainly can not be denied, par- 
ticularly at this Station where many experi- 
ments with brucellosis in swine have been 
conducted during the past eight years. How- 
ever, with the precautions that were taken 
to avoid such exposure to Br. suis, we must 
consider the possibility that this did not 
occur. 

2) Is it possible, under proper conditions, 
for the cultural characteristics of Br. abor- 
tus to be altered to those of Br. suis by liv- 
ing and multiplying in swine tissues? Some 
other of our experimental evidence also 
raises this question, but the evidence, as 
yet, is not sufficient to justify any conclu- 
sion. 

3) Are present techniques for typing 
Brucella organisms sufficiently precise to 
justify current common usage for identify- 
ing the three types of Brucella, i.e., abortus, 
suis, and melitensis. 

Certainly, further research is warranted 
and is in progress to attempt to answer 
these and other questions. 


SUMMARY 


1) Infectivity trials using Brucella abor- 
tus-infected cow’s milk fed to susceptible 
pigs indicated that, under these conditions, 


Br. abortus was not highly pathogenic for 
swine but that some infections were experi- 
mentally induced. 

2) Brucella suis isolations reported here 
from pigs fed Br. abortus-infected cow’s 
milk raise questions which can not be an- 
swered satisfactorily at this time. (See 
Discussion. ) 

3) These and other experiments previ- 
ously reported,® using Br, suis as exposure 
material for cattle, indicate the need for 
further research on the interspecies trans- 
missibility of Brucella organisms. 
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The Bacteriological Aspects of Experimental Brucellosis in Dogs 


Following Oral Exposure. 


ll. Effects of Feeding Brucella- 


Infected Milk to Young Dogs 


ERSKINE V. MORSE, D.V.M., Ph.D.; HOMER G. ERLING, B.S.; B. A. BEACH, D.V.M. 


Madison, Wisconsin 


EXPERIMENTAL BRUCELLA infections can be 
induced in dogs following oral inoculation 
of Brucella abortus cultures, as has been 
shown by van der Hoeden*:° and by Feld- 
man, Bollman, and Olson.' A single feed- 
ing of aborted fetuses and placentas from 
Brucella-infected cows may also produce 
the disease in dogs.® Since the ingestion of 
infected tissues may induce brucellosis in 
the dog, it was deemed advisable to deter- 
mine the effect of feeding milk from cows 
which contained Brucella organisms and 
agglutinins. The following report deals 
with the continuous, ad libitum feeding of 
such milk. 


MATERIALS AND METHODS 


The milk from 4 cows which were shedding 
Br. abortus USDA strain 2308 from one or two 
quarters was pooled and fed to the dogs. As 
determined by plate counts, the cream of the 
positive quarter samples contained from 90 
to 3,000 Brucella per milliliter. The agglutinin 
titer of the samples ranged from 0 to 1: 400. 
The control animals were fed milk which did 
not contain Brucella or Brucella agglutinins. 

The tube-agglutination test, starting with the 
1: 2 dilution of serum, was used making serial 
twofold dilutions. Prior to the start of the 
trials, none of the serums contained demon- 
strable agglutinins. Serum-agglutination tests 
were conducted at weekly intervals after the 
consumption of milk was commenced. 

Nineteen puppies, approximately 9 weeks old, 
were used in the experiment. Dogs 1 to 6 and 
15 to 19 were the progeny of 2 females whose 
serums contained no demonstrable Brucella 
agglutinins. Dogs 7 to 13 and dog 14 were the 
young of 2 females, respectively, (No. 6 and 
8 of a previous experiment*) which were har- 
boring Brucella in their  bronchial-cervical 
lymph nodes, as determined by culture of 
material collected at autopsy. The serums of 
both dams contained Brucella agglutinins. 

Dogs 1 to 3, 5, 7 to 10, and 13 to 18 were 
fed the Brucella-infected milk ad libitum. Dogs 
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4, 6, 11, 12, and 19, which were fed milk from 
a healthy cow, served as controls. Anal swabs 
were taken for bacteriological examinations 
on the sixty-fifth day and at weekly intervals 
thereafter. One or more of the dogs from the 
two groups were killed* and examined at 43, 
62, 66, 69, 91, 99, 105, and 112 days. Milk was 
withheld one to five days prior to death, in 
some instances, while some dogs were given 
free access to the milk until the time of au- 
topsy. The following materials were subjected 
to bacteriological examination: blood, urine, 
femoral bone marrow, homogenates of tonsil 
and of bronchial-cervical, popliteal-prescapular, 
mesenteric, and  gastrohepatic-iliac lymph 
nodes; the homogenized visceral pool consist- 
ing of the spleen, liver, kidney, genital tract, 
and lung was also examined for the presence 
of Brucella. The techniques for isolation of Br. 
abortus from these excreta cr tissues have been 
described previously.* 


RESULTS 

None of the serums from the dogs 
showed demonstrable Brucella agglutinins 
during the course of the experiment. Bru- 
cella were not recovered from the anal 
swabbings. Brucella were not isolated from 
any of the tissues or excreta secured from 
the dogs at autopsy. The time of death, 
duration of milk-free diet prior to autopsy, 
aud other data are summarized in table 1. 


DISCUSSION 


Since some of the young dogs were the 
progeny of Brucella-infected dams while 
others were whelped from noninfected fe- 
males, it was considered desirable to com- 
pare the susceptibility and agglutinin re- 
sponse of the two groups. Both groups were 
equally resistant and the agglutinin re- 
sponse was lacking in all; hence, compara- 
tive data were not secured. Apparently, 
Brucella were not present in the milk in 
sufficient numbers to produce canine in- 
fection. 


*To accomplish this, the dogs were completely 
anesthetized by intravenous injection of nembutal @ 
and then exsanguinated by severing the femora! 
artery. 
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Karlson and Clausen? have reported a 
spontaneous case of brucellosis in a dog. 
When the animal was presented to these 
investigators, the serum-agglutination test 


TABLE !—Results of Ad Libitum Feeding of Brucella- 
Infected Milk to Young Dogs 


Individual dog 
to autopsy 
agglutinins 
for Brucella 

excreta and 
tissues 


Serum 


none negative 
none negative 
none negative 
none negative 
none none negative 
none none negative 
none none negative 
none none negative 


*Controls—fed milk which contained no Brucella 
or agglutinins. 


was positive at 1: 50 and incomplete at the 
1: 100 level. The owner reported that for 
several years the animal had consumed 
daily a quart of milk from Brucella-in- 
fected cows. At the laboratory, meat and 
dog biscuits were fed for three months, 
and a quart of milk known to contain Br. 
abortus was added to the diet daily for 
the following two months. Employing 
guinea pig inoculations, 14 attempts to re- 
cover Brucella from the blood were made 
during the time milk was ingested. Bru- 
cella were present in a 2-ml. blood sample 
drawn at one month after the first feed- 
ing of positive milk. The serum agglutinin 
titer did not change, and Br. abortus was 
not recovered from the tonsils, lymph 
nodes, or viscera at the termination of the 
five-month observation period. 

The Br. abortus culture recovered from 
the animal’s blood by guinea pig inocula- 
tion probably represented those derived 
from the infected milk which was being 
consumed at that time. The dog, however, 
apparently was infected or had been in- 
fected, as demonstrated by the agglutina- 


tion test, prior to experimentation. The 
animal had lived on a farm for several 
years on which 9 of 14 cattle were reactors. 
This fact would not preclude the possibility 
that the original infection might have been 
induced by the ingestion of aborted fetal 
or of placental material. Such tissues, fol- 
lowing a single oral exposure, have been 
demonstrated* to be a potent source of in- 
fection for the dog. 

While Brucella-infected milk may be re- 
sponsible for brucellosis in man, it is be- 
lieved that such milk may rarely be in- 
criminated as a source material for the 
disease in dogs. Evidently, Brucella are not 
generally present in sufficient numbers in 
the milk of infected cows to produce the 
disease in dogs. It is probable, therefore, 
that the majority of canine Br. abortus in- 
fections and resultant agglutinin titers are 
due to the ingestion of infected tissues and 
not the consumption of milk which con- 
tains the organism. 


! SUMMARY 


Fourteen young dogs were continuously 
fed, ad libitum, milk which contained Bru- 
cella abortus strain 2308 and Brucella ag- 
glutinins. Animals from the group were 
killed and autopsies performed at 43, 62, 
69, 91, 99, 105, and 112 days, respectively. 
During the course of the investigations, 
demonstrable serum agglutinins for Bru- 
cella were not detected. Attempts to isolate 
Brucella from excreta and tissues failed. 


References 


iFeldman, W. H., Bollman, J. L., and Olson, C., 
Jr.: Experimental Brucellosis in Dogs. J. Infect. 
Dis., 56, (1935) : 321-332. 

*Karlson, A. G., and Clausen, L. B.: Brucellosis 
in a Dog. Cornell Vet., 30, (1940) : 546-547. 

*Morse, E. V., Kowalczyk, K., and Beach, B. A.: 
The Bacteriologic Aspects of Experimental Bru- 
cellosis in Dogs Following Oral Exposure, I. Effects 
of Feeding Aborted Bovine Fetuses and Placentas 
2 Ao Dogs. Am. J. Vet. Res., 12, (1951): 219- 


‘van der Hoeden, J.: Over spontane en experi- 
menteele brucella-infectie bij den Hond. Tijdschr. 
Diergeneesk., 59, (1932) : 1383-1396. 

5van der Hoeden, J.: Pathogenesis of Brucellosis 
Bang. J. Comp. Path, and Therap., $6, (1933) : 234- 
238. 


i 
i 


5, 13, 18 43 
62 
19* 66 
3, 6°, 15 69 
9, 10, 12° 91 
1, 3 99 
105 
4*, 16 112 
¢ 


Studies on a Pasteurella Multocida Chicken Embryo Vaccine. 
Il. Type-Specific Nature of Immunity Elicited by a Monovalent 
Pasteurella Multocida Vaccine 
G. R. CARTER, D.V.M., M.S. 


Hull, 


IN THE FIRST of these studies,' it was 
shown that two inoculations of a Pasteur- 
ella multocida chicken embryo vaccine pro- 
tected mice against more than 1,000 lethal 
doses of the homologous organisms. It was 
the purpose of this study to confirm and 
reémphasize the importance of selecting 


P. multocida strains for bacterin and anti- 
serum production on a serological or im- 
munological basis rather than on zodélogical 
grounds. 


LITERATURE REVIEW 


It would serve no useful purpose here to re- 
view all of the literature extant on the sero- 
logical and antigenic nature of P. multocida. 
This has been done comprehensively by Rosen- 
busch.. The reports cited below have been 
dealt with in some detail because, for the most 
part, they confirm and clarify the results ob- 
tained by earlier workers. 

The observations of Rosenbusch and Mer- 
chant,’ in connection with the serological na- 
ture of the hemorrhagic septicemia Pasteurella 
organisms, were in agreement with the findings 
of a number of earlier workers. Their con- 
clusions were briefly as follows: 1) Two dis- 
tinct biochemical and serological species were 
found. One species was designated P. multo- 
cide and the other Pasteurella hemolytica. (2) 
The P. multocida strains could be divided into 
two principal groups on the basis cf agglutina- 
tion. (3) A definite correlation was found to 
exist between xylose and arabinose fermenta- 
tion and agglutination relaticnships. 

Little and Lyon,‘ employing a slide-agglu- 
tinaticn technique with serums prepared in 

A part of this study was taken from a thesis 
submitted to the Graduate School of Iowa State 
College in partial fulfillment of the requirements for 
the degree of master of science. The remainder was 
completed at the Division of Animal Pathology, 
Animal Diseases Research Institute, Hull, Quebec. 

From the Department of Veterinary Hygiene, 
Division of Veterinary Medicine, Iowa State Col- 
lege, Ames, and the Division of Animal Pathology, 
Animal Diseases Research Institute, Hull, Quebec. 

The many helpful suggestions and advice given 
by Drs . Merchant and R. Packer of the 
Department of Veterinary Hygiene, Iowa State Col- 
lege, are gratefully acknowledged. 

Appreciation is also expressed to the Lederle 


Laboratories Division, American Cyanamid Co., 
Pearl River, N. Y., for their technical assistance. 


Quebec 


rabbits, divided their 30 strains of P. multocida 
into three distinct groups. It was also observed 
by Little and Lyon that the protective prop- 
erty of therapeutic antiserums was correlated 
with the type specificity of their P. multocida 
strains. 

Roberts,” employing immune serums and 
mouse-protection tests, was able to distinguish 
four distinct types on the basis of immunolog- 
ical differences. He believed that among the 
37 strains examined there were probably in 
all seven or eight types. Rosenbusch and Mer- 
chant list seven serological variants, while 
Roberts observed five strains that appeared to 
be immunologically distinct from his four main 
types. 

The author® has demonstrated a type-specific 
soluble antigen associated with the capsule 
of P. multocida and, on the basis of this anti- 
gen, has typed members of the group by a pre- 
cipitin reaction and a capsular-swelling tech- 
nique. For a number of reasons, discussed at 
length in the above referred to study, an alpha- 
betical designation was proposed and it is this 
which is used to identify the cultures em- 
ployed in this investigation. 


MATERIALS AND METHODS 


The P. multocida strains used in this experi- 
ment were No. 1 (type A-bovine), No. 2 (type 
B-buffalc), and No. 3 (type C-canine). Informa- 
tion relative to the origin and maintenance 
of cultures, fertile eggs, experimental mice, 
and preparation of chicken embryo vaccine, in- 
cluding purity and sterility tests, will be found 
in the first of these studies.' 

Immunization.—Data relative to the num- 
bers of mice vaccinated and the type identity 
of the vaccine are given in table 1. Each mouse 
in the immunized groups received two doses 
of 0.5 ml. of vacgine intraperitoneally. The in- 
terval between doses was seven days. All mice 
were challenged fourteen days after the second 
inoculation. 

Method of Challenge.—The challenge cultures 
and the dilutions of these cultures were pre- 
pared as outlined previously.. The volume of 
the challenge inoculation was 0.5 ml. and it 
was administered intraperitoneally. In order 
to obtain a suspension of highly virulent or- 
ganisms for challenge, allantoic fluid from 
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third passage embryo cultures was employed 
in preference to broth cultures. The optimum 
incubation period for the chicken embryo cul- 
tures for vaccine production and challenge 
purposes was found to be approximately 
twenty-four hours. Only deaths occurring 
within seven days of challenge were recorded. 
Twenty-five per cent of the dead mice in all 
groups were cultured. Presumptive identifica- 
tion was carried out in the manner previously 
outlined." 

The methods and procedure employed in the 
experiment, the results of which are summar- 
ized in table 2, were similar to those just de- 
scribed. The culture employed was a highly 
virulent strain recovered from an acute out- 
break of fowl cholera. 


RESULTS 


The data obtained from the vaccination 
trials are summarized in table 1. The num- 
ber of mice dying in each dilution group 
challenged is recorded. The vaccinated 
animals manifested a marked resistance to 
homologous challenge but displayed only 
a low degree of immunity to heterologous 
challenge. 

During the course of this investigation, 
the question of local immunity of the peri- 
toneum was raised. An experiment was de- 
signed to demonstrate that the immunity 
produced by the chicken embryo vaccine 
was of a general rather than local nature. 

That such was the case is clear from the 
results summarized in table 2. 


DISCUSSION 


Although an appreciable degree of cross 
immunity between types was not demon- 
strated in the foregoing experiment, it 
should not be concluded that cross protec- 
tion is not sometimes observed. It is, how- 
ever, usually of a low order and has been re- 
ferred to by Roberts.? Cross-protection 
factors become less evident when the cul- 
tures employed are in a highly virulent 
state, as was the case in the experiment 
summarized in table 1. 

The vaccination trials described have 
confirmed the results of the first of these 
studies! in regard to the immunogenic po- 
tency of a P. multocida chicken embryo 
vaccine. The marked immunogenicity of 
the chicken embryo vaccine would appear 
to be due to the fact that it contains large 
numbers of virulent capsulated organisms. 
The correlation of capsulation with viru- 
lence and immunogenicity has been dem- 
onstrated by Priestley.®.® The author has 
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demonstrated large amounts of capsular 
substance on organisms from chicken em- 
bryo cultures and has brought forward 
considerable evidence? that this capsular 
antigen is a type-specific soluble polysac- 
charide. 


TABLE I—Type-Specific Nature of Immunity Pro- 
duced by a Monovalent Pasteurella Multocida Vac- 
cine in Mice to Intraperitoneal Challenge 


Chal- 
lenged 

with 
Type A 4 / 1 
Type 4 2/ 1 
Type C 4 1 
Type 
Type 
Type C 


Deaths per challenge- 
dilution groups 
10-8 107 10-5 


Vacci- 
nated 
with Totals 

Type A 


Type B 4 


Type / 
Type 
Type C 


TypeC 


Type J 
Type 


Type 


Controls 


*No. dead; **No. challenged. 


It is obvious, considering the results 
of this study and those conducted by 
Little and Lyon‘ and Roberts,’ that P. mul- 
tocida strains for the production of bac- 
terins and antiserums should be chosen on 
a serological or immunological basis rather 
than on zoédlogical grounds. Information 
relative to the incidence of the various sero- 
logical types in pasteurellosis of the do- 
mesticated species is urgently needed. 

The following suggestions in connection 
with the preparation of P. multocida-im- 
munizing agents are based upon the pres- 
ent study, the first study in this series,' 
and a report which is now in press.* 

1) Bacterins and antiserums for ad- 
ministration to a given animal species 
should be prepared from those serological 
types most commonly recovered from pas- 
tuerellosis in that species. 

2) Freshly isolated virulent strains 
showing less tendency toward dissocia- 


TABLE 2—Comparison of Intraperitoneal and Sub- 
cutaneous Routes of Challenge 


Deaths per challenge-dilution groups 


10-8 10-6 10-° 


Chicken embryo 
vaccine adminis- 
tered i.p. 0/10 


0/10 


0/10 


Controls 


6 

6 

6 

6 

4/4 4/4 3/4 1/4 12/16 

pt 4/4 4/4 4/4 3/4 15/16 

2/4 0/4 0/4 2/4 4/16 : 

4/4 4/4 3/4 15/16 

3 4/4 4/4 3/4 15/16 

4/4 4/4 4/4 16/16 

i 

i.p i.p s.c. ip 

Pe 5/5 5/5 5/5 5/5 3/5 65/5 
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tion (blue colonial variants and floccula- 
tion in broth!®) than old, degenerate stock 
cultures should be employed as seed cul- 
tures. 

3) The incubation period of broth cul- 
tures should be terminated at the point of 
maximum capsulation.*: 

4) Bacterin cultures may be sterilized 
satisfactorily by the addition of 0.25 per 
cent formalin rather than the customary 
0.5 per cent amount. 

It is planned to make available to labo- 
ratories in the near future cultures of P. 
multocida representative of the principal 
serological types. 


SUMMARY 
Mice immunized with chicken embryo 
vaccines prepared from types A, B, and C 
of Pasteurella multocida demonstrated a 
strong resistance to homologous challenges, 
but displayed only a low degree of immu- 
nity to heterologous challenges. 


G. R. CARTER 
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The Propagation of the Causative Agent of Infectious Sinusitis 
of the Turkey in the Chicken Embryo 


HARVEY H. HOYT, D.V.M., Ph.D.; B. S. POMEROY, D.V.M., Ph.D.; 
M. H. ROEPKE, Ph.D. 


St. Paul, Minnesota 


{NFECTIOUS SINUSITIS has been recognized 
as a disease entity of the turkey for many 
years. The first accurate description was 
made by Dodd* in England. Tyzzer'* was 
the first to describe the disease in this 
country. The term infectious sinusitis was 
proposed by Dickinson and Hinshaw? to 
differentiate this disease from an inflam- 
mation of the sinuses observed in vitamin 
A-deficient turkeys. 

- The infectious nature of sinusitis of tur- 
keys was demonstrated through transmis- 
sion experiments. 7 The propagation 
of the causative agent in chicken embryos 
has been reported.® % 11,12 Groupé and 
Winn® described growth characteristics of 
the agent that they isolated and propagated 
in chicken embryos. 


MATERIALS AND METHODS 


The work reported here was designed to 
determine the most desirable procedures for 
the isolation of the causative agent of infec- 
tious sinusitis of the turkey and to provide 
further metheds for study of the organism. 
Isolations of the agent were made from sinus 
exudate or air sac exudate of infected turkeys. 
The material was inoculated into the yolk sac 
of 6- or 7-day-old chicken embryos. All inocu- 
lums were checked for bacteriolegical sterility 
before isolations were attempted. Five isola- 
tions of the agent were made from sinus ex- 
udate of infected birds obtained from widely 
separated flocks and one isolation was made 
from the abdominal air sac exudate of 1 of the 
affected birds. The strains isolated were desig- 
nated B, C, O, I, S, and Sa. Strain Sa was iso- 
lated from air sac exudate of the turkey from 
which the S strain was isolated. All detailed 
investigations were made by using the B 
strain, and general observations of the be- 
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havior of the other strains were compared to 
it. 

All incculations were made by standard pro- 
cedures as described by Cunningham.' Virus 
concentrations in the materials tested were 
determined by the method of Reed and 
Muench” and are expressed as the lethal dose., 
(1d...) doses per milliliter. The eggs used 
were obtained from a commercial poultry flock 
of Leghorn breeding. The eggs were embryo- 
nated in a small, forced-draft egg incubator 
and held in a similar machine after inocula- 
tion at 99 to 100 F. Most of the embryos were 
inoculated after seven days’ incubation and 
were candled twice daily for the following 
twelve days. All embryo deaths occurring 
within forty-eight hours after inoculation were 
considered to be the result of injury from in- 
oculation and the eggs were discarded. 

On original isolation, it was found that the 
embryos died between the eighth and thir- 
teenth day after inoculation. Serial transfers 
using 1:5 suspensions of yolk sac membrane 
in veal-infusion broth resulted in earlier deaths 
of all the embryos. The fifth serial passage 
caused a 100 per cent mortality by the fifth 
day, and further passages increased the per- 
centage of deaths occurring the third and 
fourth days after inoculation. 

The early passages of the agent in chicken 
embryos did not prodice any gross lesions. 
After 15 serial passages of the agent, macro- 
scopic subcutaneous hemorrhages were noted. 
These were very extensive and prominent by 
the twentieth and in all subsequent passages. 
All of the strains studied have produced simi- 
lar macroscopic lesions in the chicken embryo. 

Comparative Efficacy of Various Routes 
of Inoculation and Comparative Concentra- 
tions of Infective Agent in Various Por- 
tions of the Infected Embryo.—For these 
studies, the materials used were collected 
and pooled from each of five embryos 
which had died as a result of infection with 
the agent. These embryos had been stored 
from one to six days from the time of 
death until the time of harvesting at a 
temperature ranging between 6 and 8 C. 

The routes of inoculation employed were 
on to the chorioallantoic membrane, into 
the allantoic chamber, and into the yolk. 
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Titrations of the concentration of agent 
in yolk sac membrane, yolk, chorioallantoic 
membrane, and allantoic fluid were at- 
tempted by each of the above routes of 
inoculation using 0.2 ml. of inoculum per 
embryo. The yolk sac and chorioallantoic 


TABLE |—Deaths Between the Third and Twelfth Days 
After Inoculation on to the Chorioallantoic Membrane 
of 0.2 Milliliters Each of Tenfold Dilutions of Various 
Portions of Embryos Infected with the Sinusitis Agent 


___Dayofdeath 
Dilution 345 678 9101112 #£4xFinal mortality 
Pooled yolk sac membrane 
10-1 
10-2 
10-8 1 
10 
10-5 
10-¢ 


Pooled yolk 
10 
10-2 
10-3 
10 
10-5 
1 


Pooled chorioallantoic membrane 
1 


: 
1 


crores 


1 
Pooled allantoic fluid 
1 


1 


tome 


1 


membranes were washed twice in sterile 
veal-infusion broth to remove the embryo 
fluids. Dilutions, based on their net washed 
weight, were made. The yolk and allantoic 
fluids were diluted volumetrically. 

Inoculation on to the chorioallantoic 
membrane of 7-day-old embryos resulted 
in a few embryo deaths, but the mortality 
was not consistent with the concentrations 
of the inoculum used. Table 1 represents 
the type of results obtained. 

Inoculation into the allantoic sac pro- 
duced a greater number of embryo deaths 
as shown by table 2, but the results were 
not uniform enough to justify a calcula- 
tion of the concentration of the agent in 
the material tested. 

Inoculation into the yolk sac caused 
embryo deaths in relation to the concen- 
tration of the inoculum used, both in re- 
spect to the number of embryos killed and 
to the time at which embryo death oc- 
curred. This is shown in table 3. 
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The concentration of the agent in the 
various portions of the embryo was deter- 
mined in three pooled samples by the yolk 
sac route of inoculation. All of the mate- 
rials tested were infective, with the high- 
est concentrations of viable agent present 
in the yolk sac membrane and the lowest 
in the allantoic fluid. These results are 
summarized in table 4. 

Concentration of the Agent in Allantoic 
Fluid and Yolk at Intervals Following In- 
oculation—The concentrations of viable 
agent obtained from embryos killed by the 
agent suggested that there was probably 
some period between inoculation and the 
time of death of the embryo when a maxi- 
mum concentration of viable agent was 
present. A series of 70, 7-day-old chicken 
embryos was inoculated into the yolk sac 
with a 1:10 dilution of infective yolk. At 
forty-eight, seventy-two, and ninety-six 
hours after inoculation, random samples 
were checked for concentration of the 
agent present in the allantoic fluids and 
yolk. Only 4 embryos were surviving at 
ninety-six hours, therefore concluding the 
experiment. The results tabulated in table 
5 demonstrate a maximum concentration 
in surviving embryos at seventy-two hours 
after inoculation. 

Effects of Storage Temperature on Via- 
bility of Infective Yolk and Allantoic 
Fluids.—The effect of storage tempera- 
tures on viability of the agent present in 
the yolk and the allantoic fluid of infected 
embryos was determined for 37, 30, 10, 0, 
and —40 C. The materials stored were har- 
vested from 24 embryos within thirty-six 
hours after death and pooled. The pooled 
yolk and pooled allantoic fluid were each 
thoroughly mixed and dispensed into 
sterile screw-cap vials. Each tube contained 
1 ml. of the material tested. Ten tubes each 
of yolk and of allantoic fluid were then 
stored at each of the above temperatures. 
Titration of samples of each held at the 
various temperatures were made at various 
intervals. The titration results are shown 
in tables 6 and 7. 

To get additional data on the effects of 
temperature, particularly at incubator and 
refrigerator temperatures, a second series 
of assays was made on infective yolk and 
allantoic fluids. The yolk and _ allantoic 
fluid from 15 infected embryos were har- 
vested and each pooled. Five aliquots of 
each were placed in sterile screw-cap vials. 


* 
| 
- 
| 
1/5 
2/5 
0/3 
0/4 
0/3 
1/4 
10-2 0/4 
| a 
| 7 10-4 0 
10-5 1 | 
10~ 1, 
j 16-1! 
10-2 
10-3 
10-4 
10-5 
10-6 
ik 
\ 
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TABLE 2—Deaths of 7-Day-Old Chicken Embryos 
Between the Third and Twelfth Days After Inoculation 
into the Allantoic Chamber of 0.2 Milliliters Each of 
Tenfold Dilutions of Various Portions of Embryos In- 
fected with the Sinusitis Agent 


TABLE 4—Concentration of the Agent of Infectious 
Sinusitis in Various Portions of the Infected Embryos, 
Determined by Inoculations into the Yolk Sac and 
Expressed as L.D.so Doses per Milliliter or per Gram for 

7-Day-Old Embryos 


Day of death 
345678 9 10 11 12 


Pooled you: sac membrane 
1 


Dilution Final mortality 


Pooled yolk 


21 
1 


1 
1 


Pooled chorioallantoic membrane 
1 9 


Pooled allantoic fluid 
211 


21 
1 1 
1 


TABLE 3—Deaths of 7-Day-Old Chicken Embryos 
Between the Third and Twelfth Days After Inoculation 
into the Yolk Sac of 0.2 Milliliters Each of Tenfold 
Dilutions of Various Portions of Chicken Embryos In- 

fected with the Sinusitis Agent 


345678 9 1011 12 


Dilution Final mortality 


Pooled yolk sac membrane 
1 1 


21 


Pc yolk 
1 


9 
3 
1 


1 
1 
Pooled chorioallantoic membrane 
1 
41 
1 1 1 1 


9 


1 
11 1 1 
Pooled allantoic fluid 
22 1 
11 
1 2 
2 


9 


experiment 1 
xperiment 
xperiment 3 

Average 1.d.s0 

doses/ ml. or/¢ 


“ 


| Material 


E 
E 


| 
| 


Yolk sac 
membrane 

Yo 
Chorioallan- 
toic membrane 
Allantoic 

fluid 


TABLE 5—Concentration of the Agent Present in 

Allantoic Fluid and Yolk at Intervals Following the 

Inoculation of Infective Yolk into the Yolk Sac of 

7-Day-Old Chicken Embryos Expressed as L.i:.so Doses 
per Milliliter for 7-Day-Old Chicken Embryos 


Time of harvest 
following inoculation 


of allantoic fluid 


l.d.s doses/ml. 


of yolk 


48 hours (5 living embryos) 
72 hours (5 dead embryos) 
72 hours (4 living embryos) 
96 hours (5 dead embryos) 
96 hours (4 living embryos) 


above 1087 


TABLE 6—The Concentration of the Etiological Agent 
of Turkey Sinusitis in the Allantoic Fluid of Infected 
Embryos at Certain Intervals of Storage at Various 
Temperatures as Determined in L.D.so Doses per Milli- 
liter by Inoculation into the Yolk Sac of 7-Day-Old 
Chicken Embryos 


Storage 
time 
(days) 


Storage temperature 
30C. 20C, 10 C. 


103-9 


0 109-9 
103-2 
102-0 103-5 
0 10%5 19-7 
0 0 0 0 0 


0c. —40C. 


100.9 
10¢ 
106-5 


10° 
103-2 


105-7 


109.2 
103-2 
102-7 
103-1 
10%-4 


*The designation 0 indicates that no deaths re- 
sulted in embryos inoculated into the yolk sac with 
0.2 ml, each of a 10-1 dilution of the material tested, 


E 
10-2 3/3 
a 10-2 3/3 
iJ 10-8 1 1 2/4 3 
- 10-4 3 1 3/4 ® 
10-5 1 1 2/5 
10-1 1 3/5 10*-2 
° 10-2 1 1 5/5 1095-5 10°-7 
10-4 1 3/5 
10-5 2 | 3/5 
10-6 1/5 1045 1047 
2 2 
10-2 11 21 5/5 
10-3 2 1 3/3 
10-4 0/5 
10-5 1 1/5 
10-6 0/3 
5/5 
10-2 3/5 
10-8 1 3/4 
10-4 1/5 
10-5 0/5 = 
10° 0/5 
io: 
104° 107-3 
107-0 109%0 3 
10*9 107-0 t 
8.2 4 
1¢ 10 
10-1 5/5 
10-2 1 2 5/5 : 
10-3 1 21 1 5/5 H 
10-4 1 2 1 4/5 £ 
10-° 1 4/5 
s/s 
10-2 2 1 5/5 
10-8 2 5/5 || 
10-4 1 2 1 4/5 
10-6 2/5 
10-8 1/5 eves 
; 10-1 5/5 
10-2 5/5 
10-3 4/4 
10-4 1 1/5 
10-5 3/5 
10-8 4/5 
5/5 
10-2 4/5 
10-8 4/5 
10-4 2/4 
10-5 0/4 
0/5 
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Three samples of each were stored at 37 
C., and two of each were stored in a re- 
frigerator which operated between 6 and 
8 C. The results of titrations on these 


TABLE 7—The Concentration of the Etiological Agent 
of Turkey Sinusitis in the Yolk of Infected Embryos at 
Certain Intervals of Storage at Various Temperatures 
as Determined in L.D.so Doses per Milliliter by Inocula- 
tion into the Yolk Sac of 7-Day-Old Chicken Embryos 
Storage 
time 
(days) 


Storage temperature 
37C. 30C. 20C. 10C. 0C. 
108-1 
10°%.7 
10°-3 
105.7 
1047 105-7 
10 o* 1047 105-2 
21 0 0 103-5 
30 102.9 
45 cows 

below 


0 108-1 
1 
109.0 
105-2 


1081 
10*-7 


108-1 
10° 7 


105.2 
109.7 


106-1 
10° 


9 
3 
4 
5 


105-5 
105-3 
103-7 
10% 


105.7 


101-9 
below 
101-7 


below 
90 0 101.7 
180 


105 
10¢ 
*The designation 0 indicates that no deaths re- 


sulted in embryos inoculated into the yolk sac with 
0.2 ml. each of a 10-! dilution of the material tested. 


materials held in the incubator are shown 
by table 8. The results of storage in the 
refrigerator are recorded in table 9. 


DISCUSSION 


The results obtained by using various 
routes of inoculation indicate that the 
agent could not be consistently established 
on the chorioallantoic membranes to pro- 
duce embryo mortality. Better results were 
obtained by inoculating into either the al- 
lantoic or the yolk chamber. The latter 
method was the most effective route and 
was selected as the one of choice. This con- 
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firms the work reported by Groupé and 
Winn. 

All portions of the infected embryo that 
were tested contained appreciable concen- 
trations of the infective agent. Both yolk 
sac membranes and yolk showed the high- 
est concentrations of viable agents. Be- 
cause of the ease of handling yolk and the 
compatibility of this material with the yolk 
sac route of inoculation, it was selected as 
the chief source of the agent for further 
study. 

Random samples from infected embryos 
at various intervals following inoculation 
demonstrated that the living embryos con- 
tained more of the viable agent than did 
the dead embryos. It was also apparent 
that the concentrations in the yolk were 
always higher than in the allantoic fluid. 
The concentration of the agent in infected 
chicken embryos was highest in living em- 
bryos after a lapse of seventy-two to 
ninety-six hours following inoculation. 

The susceptibility of chicken embryos 
inoculated at six, seven, eight, nine, and 
ten days of incubation showed considerable 
variation. Death of the embryo could not 
be used as a criterion of infection in em- 
bryos inoculated at nine or ten days of in- 
cubation. Those inoculated at an earlier 
age showed characteristic infection pat- 
terns as measured by embryo death. There 
was little variation shown in l.d.«». values 
obtained by infecting 6- and 7-day-old 
chicken embryos. The l.d.« dose for the 
8-day-old embryo was 10 to 100 times that 
for the 7-day-old embryo. Because less in- 
oculation injury and mortality was experi- 
enced when 7-day-old embryos were used, 
they were selected for most of the work. 

The effects of temperature on viability 
of the infectious agent of turkey sinusitis 
indicate that it is more resistant to stor- 


TABLE 8—A Comparison of the Decline in Concentration of the Etiological Agent of Turkey Sinusitis 
in Allantoic Fluid and Yolk of Infected Chicken Embryos During Storage at 37 C.* 


Storage 
time 
(days) 


Allantoic fluid stored at 37 C. 
Sample A Sample San 
10°.2 
10"-2 
105.2 
109-7 
10!.7 
10°-7 


103-7 

101-7 

10°-7 
9 
11 


oculated via the yolk sac. 


Sample C 


10%-2 


Yolk stored at 37 C. 


Sample A Sample B Sample C 


107-2 107-2 
107-2 


107-2 


104.3 104-7 105. 

104.0 105.4 105.7 
104° 10% 
102.8 1092.3 


*Concen\rations are expressed as |.d.c doses per milliliter for 7-day-old chicken embryos 


age in yolk than it is in allantoic fluid. At 
37 C., the viability of infected allantoic 
fluid was destroyed in five to seven days. 
At temperatures ranging from 0 to 30 C., 


TABLE 9—A Comparison of the Decline in Concentra- 
tion of the Etiological Agent of Turkey Sinusitis in 
Allantoic Fluid and Yolk of Infected Chicken Embryos 

During Storage at 6 to 8 C.* 


Allantoic fluid stored 
at6 to 
Sample A Sample 


Storage 
time 
(days) 


Yolk stored at 
at6to8C. 

_ Sample A Sample B 
0 10*-2 
1 105-3 

3 1042 

7 

9 101-7 
11 0 
15 cake 1048 


107-2 
105-3 
10*-5 
105-8 105-7 
105-8 105-7 


107-2 


105-5 
*Concentrations | are expressed as |.d.,, doses per 


milliliter for 7-day-old chicken embryos" inoculated 
via the yolk sac 


viability was lost between ten and twenty 
days of storage. Allantoic fluid stored at 
—40 C. remained viable for 180 days. In- 
fected yolk stored at 37 C. lost its activity 
sometime between five and ten days of stor- 
age. At 30 C., it was not infective after 
twenty-one days of storage and, at 20 C., 
it was inactive after sixty days of storage. 
When yolk was stored at 10 and 0 C., 
remained viable for at least ninety days 
and, when stored at —40 C., it was active 
after 180 days. 

The storage of infective yolk caused a 
uniform loss in viability of the agent dur- 
ing the first twenty-four hours. Subsequent 
to this period, the materials stored at dif- 
ferent temperatures showed a uniform drop 
in infectivity which appeared to be related 
to the particular storage temperature. The 
data indicate that storage of the agent in 
yolk at —40 C. caused a marked initial 
fall in the l.d.« titer, followed by a slight 
but uniform drop in titer as the storage 
time increased. After 180 days storage at 
—40 C., the yoik was still highly infective, 
containing 10°-° l.d.w«o doses of viable agent 
per milliliter. 


CONCLUSIONS 


1) The causative agent of infectious 
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sinusitis of the turkey will cause death of 
the chicken embryo when it is inoculated 
into the yolk sac at six or seven days of in- 
cubation. 

2) Chicken embryos infected with this 
agent develop an appreciable concentration 
of it in the yolk sac membrane, yolk, chorio- 
allantoic membranes, and the allantoic 
fluid. 

3) After 15 or more serial passages of 
this agent, subcutaneous hemorrhages are 
prominent in infected embryos. 

4) Concentrations of the agent as high 
as 10°° lethal dose,, doses per milliliter 
are obtained in the yolk of infected embryos 
when harvested seventy-two hours after 
inoculation. 

5) The agent survives longer in yolk 
than it does in allantoic fluid, and will sur- 
vive in the yolk from infected embryos at 
least 180 days when stored at —40 C. 
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A Quantitative Study of Newcastle Disease Virus in Tissues of 
Infected Chickens 


M. S. HOFSTAD, D.V.M., M.S., Ph.D. 


Ames, lowa 


FEW QUANTITATIVE studies of Newcastle 
disease virus (NDV) in the tissues of the 
chicken have been done. Karzon and Bang 
have reported in an abstract! work in 
which the concentration of virus was fol- 
lowed in the blood and viscera after inocu- 
lation of two different strains of virus by 
the intramuscular and intracerebral routes. 
The antibody production was also deter- 
mined. 

Miller and Miller? have reported on the 
extent to which NDV remains in the blood 
and tracheal mucus of birds following in- 
tratracheal and intramuscular inoculation. 

For a review of the distribution of NDV 
in the infected chicken, the reader is re- 
ferred to the original? and the addendum* 
review of the literature on Newcastle dis- 
ease. 

This investigation was carried out in 
order to study the concentration of NDV 
virus in tissues of chickens experimentally 
inoculated with a typical field strain, to 
compare the virus concentration in tissues 
following inoculation of three other strains 
considered to be less virulent, and to follow 
the antibody production with the four 
strains studied. 


MATERIALS AND METHODS 


All chickens, except one group of cockerels, 
used in the experimental work were White Leg- 
horn pullets from 9 to 12 weeks of age. The 
strains of virus studied were identified as: 
228-Iowa-1948, a field strain in an early em- 
bryo passage; 146-Nebraska-1948, a strain iso- 
lated at the Veterinary Research Institute in 
July, 1948, from contaminated fowlpox vaccine; 
Roakin-New Jersey-1946, a commercial vaccine 
strain obtained from Vineland Laboratory live 
virus vaccine—serial No. 626; and Bl—the 
Hitchner strain of virus obtained through the 
courtesy of Dr. S. B. Hitchner. The last three 
listed were considered to be of low virulence 


for chickens. The number or name used in the 

From the Veterinary Research 
State College, Ames. 

The author expresses appreciation for the co- 
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designation of each strain is that used at the 
repository for NDV strains at the University 
of Wisconsin, Madison. Each inoculating dose 
of virus was used in the form of allantoic fluid 
from infected embryos diluted 1:10 in broth. 
The dose employed was 0.1 ml. of the 1:10 
dilution. 

The procedure followed was to inoculate a 
group of chickens and to remove 2 birds, at 
24-hour intervals, from which blood and tis- 
sues were collected. The virus concentration 
in the blood was determined within forty- 
eight hours after collection by inoculation of 
embryos with a series of fivefold dilutions. 
Tissues were frozen at —35 C. until they could 
be titrated. At that time, the tissue was re- 
moved from the freezer, weighed, ground with 
alundum, and diluted with broth to make a 
1:5 dilution. The suspension was centrifuged 
at approximately 1,500 revolutions per minute 
for five minutes, and the supernatant fluid 
was used for making tenfold dilutions for em- 
bryo inoculations. As a rule, 4 embryos were 
used for each dilution. The titer was deter- 
mined by the method of Reed and Muench.* 
Newcastle disease virus infection in the em- 
bryo was based upon the rapid hemagglutina- 
tion test, embryo lesions, and the embryo mor- 
tality pattern. 

The neutralizing capacity of the serum was 
tested according to standard procedure.’ The 
hemagglutination-inhibition (HI) test was 
done according to the method by Salk,’ ex- 
cept that the serum dilutions were made di- 
rectly in the virus suspension and the amount 
of virus used was 20 hemagglutinating units 
when calculated on the basis of final dilutions. 
The results of the HI test were expressed as 
HI units. An HI unit is the amount of serum 
antibody which will neutralize one hemagglu- 
tination unit in the test. The strain of NDV 
used in the tests for antibodies was 174-lowa- 
1947. 

With the exception of groups Roakin intra- 
nasal and 228 intranasal, each inoculation was 
repeated at a later time, so that the results 
from 4 birds rather than from 2 could be ob- 
tained for each tissue. 


RESULTS 


To study the concentration of NDV in 
the tissues of chickens experimentally in- 
oculated with a typical field strain, birds 
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were inoculated with strain 228 either in- 
tranasally or subcutaneously. Table 1 
gives the logarithm of the average embryo 
lethal doses (e.l.d.’s) per milliliter of tissue 
suspension for each tissue, following inoc- 
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following the two routes of inoculation. The 
intranasal route resulted in a generalized 
infection, although the virus was not con- 
sistently found in high concentration. 
After subcutaneous inoculation, the virus 


TABLE !—Concentration of Newcastle Disease Virus in Tissues Following Subcutaneous Inoculation 
with Strain 228 


Log of average e.1.d.’s per ml. of tissue suspension 


Hours 
after 
inoc. 


Blood Spleen 


24 1.88 
48 1.88 
2.68 
2.46 


3.44 
5.14 
5.53 
6.07 
1.52 3.73 
0.00 0.00 
0.00 2.89 
0.00 
0.00 
0.00 


ulation of virus 228 subcutaneously in the 
web of the wing. The virus was found to 
be present in the blood and tissues, except 
the brain, at twenty-four hours and per- 
sisted in some of the tissues for 168 hours, 
after which no virus could be isolated. The 
lung and trachea gave the highest yields 
of virus. In table_2 is listed the logarithm 
of the average for each tissue following 
intranasal inoculation with strain 228. This 
group was not repeated so that the aver- 
ages for only 2 birds could be used. The re- 
sults, in general, are similar to those shown 
in table 1. 

The results following inoculation of 
virus strain 228 served as a standard for 
comparison in the second objective of the 
study. The comparative results of virus 
concentrations in the blood, spleen, and 
lung following inoculation of virus strain 
228 and three other strains considered to 
be less virulent for chickens are presented 
in fig. 1. There was considerable difference 
between the results of the subcutaneous 
and intranasal routes of inoculation with 
the Roakin strain of NDV. The virus was 
not isolated consistently from the various 
tissues following subcutaneous inoculation. 
This difference is more apparent in the re- 
sults from individual birds than in the 
averages. The concentration of virus in 
the tissues was greater and the titers were 
less variable following intranasal inocula- 
tion than after subcutaneous inoculation. 

With NDV strain 146, there was again 
considerable difference between the results 


Brain 


Intestinal 


Lung Trachea contents 


3.09 2.91 
5.45 7.12 
6.66 7.03 
7.03 7.66 
5.18 6.46 
1.28 3.90 
0.00 0.78 
0.00 0.00 
0.00 
0.00 


0.00 
0.00 


was only found occasionally in the tissues, 
although antibody response was satisfac- 
tory. 

The Bl strain was apparently the least 
virulent of the strains studied. The virus 
was seldom isolated in the tissues sampled 
following either route of inoculation, but 
a rise in antibody indicated that the bird 
had become infected with the virus. 

In fig. 2, the average neutralizing capac- 
ity of the serum is given for each group 
following intranasal and subcutaneous in- 
oculations. Tests for antibodies were not 
made after the eighth day following intra- 
nasal inoculation with strain 228. As might 
be expected, the field strain 228 produced 
the most consistent antibody response. As 
early as ninety-six hours after subcutane- 
ous inoculation, some neutralizing anti- 
bodies were detected. The other three 
virus strains produced a definite antibody 
response, but there was considerable varia- 
tion among individual birds. 

The HI antibodies were detected about 
the same time as the infectivity-neutraliz- 
ing antibodies. The field strain 228 pro- 
duced the earliest and most consistent and 
uniform antibody response, while the other 
strains stimulated a lesser and more ir- 
regular response, particularly following 
subcutaneous inoculation. 


DISCUSSION 
In order to consolidate the results and 


to make the material more readable, the 
data are presented as averages rather than 


- 
0.00 0.78 
1.40 2.24 ° 
1.34 3.90 
4.91 2.52 
120 3.20 2.44 
144 1.11 0.78 
168 0.00 0.00 
192 0.00 0.00 
216 0.00 0.00 
240 0.00 0.00 
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results from individual birds. The aver- 
ages tend to cover up irregularities that 
were present in results of the titrations 
following inoculation of the less virulent 
strains, since the lower titers were fre- 


TABLE 2—Concentration of Newcastle Disease Virus 
in Tissues Following Intranasal Inoculation with Strain 
228 


Log of average e. |. d.’s per ml. of 
tissue suspension 
Spleen Brain Lung Trachea 


1.11 
5.05 
6.46 
6.50 
6.90 
3.39 
1.40 
0.00 


Hours 
after 
inoc, ‘Blood 
24 0.00 
48 3.46 0.00 
72 2 5.55 1.64 
96 96 2.83 
120 0.00 1.74 
144 1.08 3.89 
168 1.18 0.00 


192 0.00 0.00 0.00 0.00 


quently outweighed by the higher titers. 
The averages are the arithmetical averages 
of the number of e.l.d.’s per milliliter of 
tissue suspension for each bird. 

Newcastle disease virus was _ isolated 
from experimentally infected birds on the 
first through the seventh day following 
exposure by either the intranasal or the 
subcutaneous route to a virulent strain. 
In only one instance was the virus isolated 
after the 168th hour—that being on the 
eighth day. The inability to isolate virus 
from the tissues occurred at a time when 
the antibody concentration in the serum 
was fairly high. 

The averages (fig. 1 and 2) indicate that 
NDV may be isolated after the antibodies 
are present at diagnostic levels. While this 
could be the fallacy of averages, this ac- 
tually happened in a number of individual 
cases. Following the inoculation of strain 
228, tests for infectivity-neutralizing anti- 
bodies indicated over 1,000 neutralizing 
doses, yet virus was still isolated. from 
some of the tissues. No virus was detected 
in the blood. This also was the case fol- 
lowing intranasal inoculation of the Roakin 
strain. 

The results indicate that there is a wide 
variation in the response of chickens to 
different strains of NDV and also to dif- 
ferent routes of inoculation of the same 
strain of virus. If the concentration of 
virus in the tissues is a measure of viru- 
lence for a strain of NDV, then the results 
can be used to judge the virulence of the 
strains studied. 
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The results confirm the avirulent nature 
of the B1 strain as reported by Hitchner.* 
While this strain stimulated an antibody 
response, the virus was isolated from only 
a few tissue samples. It also failed to pro- 
duce cloudy air sacs in the chickens even 
after intranasal inoculation. The strain 
was also less virulent for embryos, as in- 
dicated by the delayed mortality pattern. 

Strain 146 was also found to have a low 
virulence for the chickens used in the ex- 
periment, although not to the extent of 
strain B1. Its avirulence was more appar- 
ent following the subcutaneous route of in- 
oculation. After intranasal inoculation, 
cloudy air sacs were frequently observed; 
while, following subcutaneous inoculation, 
cloudy air sacs were observed only in a 
few birds. Strain 146 was also less viru- 
lent for embryos, as shown by the longer 
time required to kill and the stunted ap- 
pearance of the embryos when killing was 
delayed until the fifth or sixth day. 

Judging by the concentration of virus 
in the tissues, the Roakin strain, after sub- 
cutaneous inoculation, was less virulent 
than strain 228, but, after intranasal in- 
oculation, its virulence was only slightly 
less than NDV strain 228. The Roakin 
strain appeared to be as virulent for em- 
bryos as the field strain 228. 


SUMMARY 


A study of the concentration of New- 
castle disease virus (NDV) in the tissues 
of chickens experimentally infected with a 
virulent field strain revealed the virus to 
be present in the blood, spleen, lung, tra- 
chea, and intestinal contents at twenty- 
four hours after inoculation. It continued 
to be found in some of the tissues on the 
seventh day, after which no virus could be 
isolated. The virus was most concentrated 
in the lung and trachea, where concentra- 
tions of 107 embryo lethal doses per milli- 
liter were found on the fourth day. 

A comparison of the virus concentration 
in the blood, spleen, and lung following in- 
oculation of four different strains of NDV 
indicated that the less virulent the strain, 
the lower was the concentration of virus in 
the tissues. There were more apparent dif- 
ferences between the intranasal and sub- 
cutaneous routes of inoculation with the 
less virulent strains than with the virulent 
strain. There was usually a lower concen- 
tration of virus in the tissues following 


1.54 
5.44 
5.51 
6.49 1 
6.74 
2.07 
2.66 
| 
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subcutaneous inoculation of the less viru- 
lent strains. 

While antibody production was satis- 
factory following inoculation of the four 
strains studied, the virulent field strain 
produced the most consistently high anti- 
body response. Following inoculation of the 
less virulent strains, the antibody response 
showed more variation and was frequently 
less than the response following inoculation 
of the more virulent strain. The infectiv- 
ity-neutralizing antibody and the hemag- 
glutination-inhibition antibody were de- 
tected by the fifth to the seventh day in 
the experimental chickens. 
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Pathogenicity of Salmonella Typhimurium Administered 
Subcutaneously to Mice in Mixture with Each Polynucleotide 
Complex from Salmonella Typhimurium, Salmonella Typhosa, 

and Salmonella Newport 


MAJOR MORRIS D. SCHNEIDER, 9.M.C. 


Chicago, Illinois 


SALMONELLA TYPHIMURIUM has been found 
to cause extensive outbreaks of infection 
among animals and man,! and it is a patho- 
genic agent highly invasive for mice.* Ac- 
cording to Weil,? certain of the Salmonella 
types possess properties of virulence by 
means of which the bacteria can penetrate 
intestinal walls and migrate through lym- 
phatics. Salmonella typhimurium has an in- 
herent ability to invade tissues and kill 
mice. Pike and Mackenzie* and Mackenzie, 
Pike, and Swinney* have expressed the opin- 
ion that polysaccharides of S. typhimurium 
are not determinants of virulence of this 
species in mice and that unknown chemical 
determinants which-are present in the bac- 
teria are serologically inactive. Mackenzie 
and Brewster® have observed that strains 
of S. typhimurium differing in degrees of 
virulence contain determinants for high 
virulence or avirulence for mice. No infor- 
mation is available in the literature of chem- 
ical factors in S. typhimurium which may 
be associated with invasiveness of this 
species, 

In this work, an attempt has been made 
to enhance invasiveness of S. typhimurium 
culture when saline suspensions of the or- 
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ganisms are introduced subcutaneously to 
mice in mixture with each of highly poly- 
merized polynucleotide complexes from S. 
typhimurium, Salmonella typhosa, and Sal- 
monella newport. Salmonella typhosa pos- 
sesses a somatic antigen XII in common 
with S. typhimurium; whereas, in the case 
of S. newport, there is no somatic antigenic 
relationship to mouse typhoid bacteria. 
Relative concentrations of “purified” poly- 
nucleotide complex of each of S. typhimu- 
rium, S. typhosa, and S. newport are indi- 
cated by the phosphorus content of final 
preparations. Although the concentrations 
of phosphorus are not identical, the poly- 
nucleotide complexes of these three Salmo- 
nella types are prepared by identical chem- 
ical procedures.° 

METHODS 


MATERIALS AND 


Cultures.—Salmonella typhimurium, the caus 
ative organism of mouse typhoid, was a smooth, 
diphasic culture which was isolated from an 
infected guinea pig at the Seventh Service 
Command Medical Laboratory, Fort Omaha, 
Omaha, Neb., in 1945. Salmonella newport, cul- 
ture 704, was an R (rough) type strain from 
the Dr. E. O. Jordan stock culture collection, 
University of Chicago. Salmonella typhosa, 
identified as T290, was obtained from the same 
source. 

Viable Cell Counts.—The 
isms of broth cultures of S. typhimurium was 
estimated by plate colony count method. In 
each of two experiments described, approxi- 
mately 6%-hour-old cultures were diluted ten- 
fold, serially, in sterile 0.85 per cent sodium 
chloride solution. The diluted suspensions of 
bacteria were left standing at room tempera- 
ture during the experimental period. Veal- 
infusion agar medium was employed for colony 
count determinations, indicating the maximum 
number of viable cells at the end of the experi- 
mental interval. Two cultures employed in this 
study contained 11 x 10° and 14 x 10* viable 
bacteria per milliliter of broth culture, respec- 
tively. 

Purified 


number of organ- 


Polynucleotide Compler.—The au- 
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PATHOGENICITY OF SALMONELLA TYPHIMURIUM 


thor® has described a chemical method for iso- 
lating, refining, and concentrating polynucleo- 
tide substances from rough and smooth cultures 
of several Salmonella types, namely, S. typhosa, 
Saimonella enteritidis, Salmonella montevideo, 
S. newport, Salmonella pullorum, and 8. typhi- 
murium. Briefly, the following procedure was 
used: A solution cf 0.1 molar sodium citrate 
and 0.2 per cent sodium desoxycholate, pH 7.3, 
was employed to disrupt masses of gram-nega- 
tive bacilli. Utilization was made of differ- 
ences in solubilities cf nucleoproteins and 
nucleic acids in solutions of sodium citrate- 
sodium desoxycholate and molar sodium chlo- 
ride, and in 95 per cent ethyl alcohol. A highly 
polymerized bacterial nucleoprotein was liber- 
ated from the disrupted gram-negative organ- 
isms and was then precipitated with ethyl 
alcohol in the form of a sticky fibrous material. 
The bacterial nucleoprotein was redissolved in 
the citrate desoxycholate and molar sodium 
chloride solutions and was deproteinized five 
times with cne-half the volume of a modified 
Sevag mixture of one part iso-amyl alcohol 
and four parts of chloroform. The above de- 
scribed, relatively mild chemical-purification 
steps resulted in the isolation from Salmonella 
crganisms of a fibrous material which was 
dissolved in molar sodium chloride solution 
and which has been designated purified poly- 
nucleotide complex. 

The organic compound frem 8S. typhosa was 
studied extensively. The general chemical com- 
position (nitrogen: phosphorus ratios of 1.60 
and 1.61), colorimetric reactions for pentose’ 
and desoxypentose* carbohydrates, and ultra- 
violet light-absorption spectra, as measured 
with a Beckman quartz spectrophotometer, in- 
dicated that polymerized substances which 
were isclated from S. typhosa contained, pri- 
marily, desoxypentosenucleic acid contaminated 
with relatively small amounts of ribonucleic 
acid. The bacterial nucleic acid complexes, 
from each of three Salmonella types employed 
in these experiments, were prepared by identi- 
cal chemical procedures and their concentra- 
tions indicated by their phosphorus content 
as follows: S. typhimurium, 255 yg. of phos- 
phorus per milliliter; S. newport, 220 yg. of 
phosphorus per milliliter; and S. typhosa, 156 
pg. of phosphorus per milliliter of final prep- 
aration. 

Sterilization of Purified Polynucleotide Com- 
plex.—Twenty-five-milliliter aliquots of the 
polynucleotide preparations were blown from 
a pipette into three volumes of 95 per cent 
ethyl alcohol and the mixtures stored at 4 to 
6 C. for twenty-four to forty-eight hours. A 
fibrous precipitate appeared immediately after 
ejecting the nucleic acid mixture into the 
alcohol. Following the period of refrigeration, 
the alcohol was decanted and the fibrous mate- 
rial drained for several seconds and then dis- 
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solved in 25 ml. of sterile physiological saline 
solution. 

Experimental Mice—White mice, weighing 
12 to 15 Gm., were obtained from one source. 
Upon arrival, they were vigorous and showed 
no evidence of intestinal infection. Mice were 
inoculated with test materials approximately 
one day after arrival at the laboratory. Sur- 
vivors were counted for eight days. At the 
end of each experiment, control mice inocu- 
lated with materials other than those contain- 
ing Salmonella organisms were killed and not 
found to harbor Salmonella. Test animals dead 
from infection were selected at random and 
examined postmortem. Pure cultures of Sal- 
monella organisms were isolated from the heart 
and several other organs of these mice. 

Test Cell Suspensions.—Diluted cell suspen- 
sions of S. typhimurium, in 0.25- and 0.10-ml. 
volumes, were mixed with 1-ml. volumes of 
saline solution and saline solution containing 
dissolved bacterial polynucleotide complex. The 
test bacterial suspensions were prepared during 
a period of about thirty minutes and were then 
stored at 4 to 6 C. until about thirty minutes 
pricr to injection into experimental mice. 

Route of Inoculation—Mice were injected 
subcutaneously in the right flank with each 
of the test suspensions of mouse typhoid organ- 
isms. Doses of 0.25 ml. were injected into 
mice with a 25-gauge needle attached to a 
tuberculin-type syringe. 

Duration of Experimental Infection.—Ex- 
perimental infection in mice was arbitrarily 
limited to eight days. Survivors were counted 
twice daily. 

Measurement of Virulence.—The lethal dose., 
(1d...) was calculated by the method of Reed 
and Muench.’ The 1.d., expressed the number 
of viable organisms that killed 50 per cent 
of mice injected with S. typhimurium organ- 
isms during an eight-day experimental period. 
Fold increase in pathogenicity was an index 
number of the ratio: 

l.d.,, of cell-saline control 


of PPC*-treated cell 
on the eighth day of infection. 


mixture 


RESULTS 


Data for two experiments are summa- 
rized in table 1. Polynucleotide preparations’ 
from S. typhimurium (128 yg. of phospho- 
rus per 0.5 ml. inoculated per test animal 
were estimated to be equivalent to 5.8 mg. 
of PPC substance) ,* S. newport (110 ug. of 
phosphorus per 0.5 ml. = 5.0 mg. of PPC), 
and S. typhosa (78 yg. of phosphorus per 
0.5 ml. = 3.5 mg. of PPC) were nontoxic 

*The reference standard is a preparation of 
purified polynucleotide complex (PPC) from 


S. typhosa, which contains 2.2 per cent phosphorus 
by weight. 
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for mice injected with these bacterial prep- 
arations. 

Saline suspensions of test S. typhimurium 
culture were relatively avirulent following 
injection into mice during an eight-day ex- 
perimental infection (table 1, experimental 
mouse groups 1 and 4). 

Purified bacterial polynucleotide sub- 
stance from homologous and heterologous 
Salmonella types repeatedly increased sus- 
ceptibility of mice to subcutaneous injec- 
tions with sublethal doses of S. typhimu- 
rium organisms (table 1, experimental 
mouse groups 2, 3, 5, 6, and 7). Although 
purified polynucleotide complex from each 
of S. newport and S. typhosa affected fold 
increases in the pathogenicity of S. typhi- 
murium bacilli injected subcutaneously in 
mice, the virulence-enhancement property 
of the homologous PPC-mouse typhoid mix- 
ture appeared to'be more marked. 

The results were interpreted to indicate 
that bacterial polynucleotide complexes, 
whether prepared from homologous or het- 
erologous Salmonella types, in this case 
from S. typhimurium, S. typhosa, and S. 
newport, possessed a property for enhanc- 
ing invasiveness of S. typhimurium organ- 
isms injected subcutaneously into mice in 
mixture with purified polynucleotide com- 
plex. 

DISCUSSION 

Invasiveness of microérganisms has been 
directly or indirectly associated with highly 
polymerized polysaccharides, such as are 
found in Pneumococcus organisms and 
Friedlander’s bacillus,” with a polypeptide 
found in the anthrax bacillus and composed 
of d(-) glutamic acid units,'! with an M pro- 
tein and hyaluronidases in group A strep- 
tccocci,'*. and with a toxic O antigen com- 
plex in gram-negative organisms.'* Felix 
and Pitt!® expressed the opinion that the 
maximum virulence of S. typhosa was due 
to the combined activity of two antigens, 
namely, the O and Vi antigens. Almon!® 
suggested that organisms containing Vi anti- 
gen multiplied faster, since the Vi substance 
provided a protective coating against pha- 
gocytosis, and this accounted for the en- 
hanced virulence of typhoid organisms for 
mice. With the exception of the toxicity of 
O antigens of gram-negative organisms, the 
substances cited above are nontoxic to ani- 
mals and are able in some unknown manner 
to protect a pathogen against a host’s de- 
fensive mechanisms. 
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Purified polynucleotide complex from 
each of S. typhosa, S. typhimurium, and S. 
newport are nontoxic for mice when admin- 
istered subcutaneously and intraperitoneally 
(from unreported data) in doses roughly 
estimated as 3.5, 5.8, and 5.0 mg. of each of 
the three cultures, respectively. In contrast, 
Raistrick and Topley -and Boivin-type anti- 
gens of S. typhimurium are toxic for mice 
when injected intraperitoneally in doses of 
about 0.5 to 1 mg.* 

In this study, it was found that a bac- 
terial substance, purified polynucleotide 
complex, isolated from S. typhimurium cells 
enhanced the invasiveness of the homolo- 
gous mouse typhoid culture when injected 
subcutaneously into mice. Purified poly- 
nucleotide complex preparations from S. ty- 
phosa and R-type S. newport cultures modi- 
fied mouse typhoid infections in mice but 
not necessarily to the extent of the homol- 
ogous bacterial PPC. These findings lent 
support to the work of Mackenzie and his 
associates who expressed the opinion that 
cultures of S. typhimurium contained non- 
antigenic determinants for virulence of 
mouse typhoid organisms in mice. It is gen- 
erally known that pure bacterial desoxypen- 
tosenucleic acids are nonantigenic,'? and it 
may be that one probable factor relating to 
invasiveness of mouse typhoid organisms 
injected subcutaneously into mice in mix- 
ture with each of the polynucleotide complex 
from S. typhimurium, S. typhosa, and S. 
newport may be a nucleic acid moiety asso- 
ciated with PPC of these three Salmonella 
types. 

The mechanism of virulence enhancement 
of S. typhimurium infections in mice by 
means of homologous and heterologous bac- 
terial polynucleotide complexes is not un- 
derstood. In attempting to find possible 
explanations, several modes of action of 
Salmonella polynucleotide complex may be 
considered. 

1) A wide number of substances of non- 
bacterial origin have been used to enhance 
the pathogenicity of intra-abdominally in- 
jected microérganisms in mice, and hog 
gastric mucin has been studied exten- 
sively.!8. 19 It is known, for example, that 
50 organisms of S. typhimurium suspended 
in mucin prove lethal for 10/10 mice inocu- 
lated intraperitoneally.2° The marked effec- 
tiveness of 5 per cent mucin for reducing 
the l.d;9 of naturally invasive mouse typhoid 
organisms has been observed in the author’s 
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PATHOGENICITY OF SALMONELLA TYPHIMURIUM 


laboratory when mucin-cell mixtures are in- 
jected subcutaneously into mice.*! It is sug- 
gested that bacterial polynucleotides from 
the three Salmonella types herein reported 
may enhance the pathogenicity of S. typhi- 
murium culture for mice in a nonspecific 
manner, as do substances of nonbkacterial 
origin. 

2) In contrast to substances of nonbac- 
terial origin, complete polysaccharide anti- 
gens of gram-negative organisms have 
interfered with the bactericidal power of 
normal and immune serums on Salmonella 
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organisms.'”: 2? It should be noted that Mc- 
Leod?*: *4 reported that mucin inhibited the 
bactericidal action of peritoneal fluid of the 
mouse on Meningococcus organisms in vitro 
and in mice injected intra-abdominally with 
mucin-Meningococcus mixtures. It may be 
that components are associated with Sal- 
monella polynucleotide complexes which can 
inhibit bactericidal action of mouse body 
fluids when mice are injected subcutaneously 
with mixtures of mouse typhoid organisms 
and Salmonella polynucleotide substances. 
3) Caspersson?®> has proposed a theory 


TABLE I—Association of Pathogenicity of Salmonella Typhimurium for Mice with Bacterial Polynucleotide Com- 


plexes from H g lla 


Ex peri- 
mental 
group 


and No. of S. typhimurium organisms injected 


5.5 X 


No. mice 


injected Diluent 


102 


Saline 

8S. typhi- 
murium PPC 
(51 wg. P)t 


3-33 S. newport 

PPC (44 ag. P) 1/2 1/2 1/4 1/4 
Controls: 0.5 ml. of diluent w/o bacteria: PPC 
(110 we. P), 0/2 


All injections were 
ml. of diluent and 0.05 ml. 
the method of Reed 
is an index number of the ratio: 


l.dss of cell-saline control, 


of 8. 


made subcutaneously in mice, 
of cell suspension of numbers of bacteria indicated 
and Muench for the eighth day 


Typhimurium and Heterologous Salmonella Typhosa and Salmonella 
Newport Cultures 


Experiment 1 


Fold 
increase 

in patho- 
genicity** 


10 10-2 10-3 
3.025 x 10° 1.0 


5.5 x 108 550.0 


3.925 x 105 7.7 
typhimurium (128ag. P), 0/2; PPC of 8. newport 


Volume injected per mouse is 0.25 
.d.o is calculated by 
**Fold increase in pathogenicity 


in the right flank. 


after inoculation. 


on the eighth day of infection 


l.dx of PPC-treated cell mixture. 


+Numerator number of mice dead; 


nucleotide complex from the 


Experi- 

mental 

group No. of 8 
and 

No. mice 


injected Diluent 


Saline 

S. typhi- 
murium PPC 
(64 we. P) 


S newport 
PPC (55 wg. P) 


S. typhosa 
PPC (39 ug. P) 4/4 


denominator 
Salmonella type indicated. 


Experime nt | 2 


typhimurium organisms injected 


number of mice injected . [PPC “purified” poly- 


Fold 
increase 
in patho- 
genicity** 


10° 
2.44 x 10° 1.0 
2.97 x 104 82.2 
9.9 x 108 


270.0 


1.51 x 105 16.3 


P a of 8S. typhimurium (128 zg. P), 0/2; PPC of 8. newport 


uninoculated, 0/2. 


0.5 ml. of diluent w/o bacteria: 
0/2; PPC of 8S. typhosa (78 wg. P), 0/2; 


Controls: 
(110 wg. P), 


Volume injected per mouse is 0.25 ml. of diluent and 0.025 ml. of cell suspension of numbers of bac- 
teria indicated. Mice injected with 3.5 x 10° cells received 0.25 ml. of S. typhimurium culture in addition 


to the diluents indicated. 


105 104 108 
1-32 2/2t 0/2 0/4 0/4 0/4 Po 
3/3 3/3 3/4 2/4 0/4 1/4 0/4 0/4 0/4 0/4 
0/3 
3.5 X 
. 
10° 107 10° 106 10¢ 
4-28 4/4 4/4 3/4 6/4 0/4 
5-28 
, 4/4 4/4 2/4 1/4 3/4 
6-27 
4/4 4/4 2/4 1/4 1/4 1/4 Pe 
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which relates the synthesis of cellular pro- 
toplasm with the metabolism of nucleic 
acids in living cells. It is suggested that 
S. typhimurium organisms are provided 
with optimal conditions for growth and in- 
vasiveness in a natural host environment 
when supplemented with relatively large 


amounts of mixtures of bacterial desoxy- 
pentose and ribonucleic acids from homol- 
ogous and heterologous Salmonella types. 


SUMMARY 


1) “Purified” polynucleotide complex 
preparations from Salmonella types con- 
tained desoxypentosenucleic acid contami- 
nated with ribonucleic acid. 

2) Purified polynucleotide complex from 
Salmonella typhimurium was found to pos- 
sess a property contributing to invasiveness 
of the homologous culture in mouse typhoid 
infections experimentally induced in mice. 

3) Purified polynucleotide complex from 
antigenically related Salmonella typhosa 
and antigenically unrelated Salmonella new- 
port, under the conditions of these experi- 
ments, also enhanced the pathogenicity of 
mouse typhoid organisms injected sukcuta- 
neously into mice. 

4) Three possible mechanisms of action 
of virulence enhancement of S. typhimurium 
bacilli injected subcutaneously into mice in 
mixture with bacterial polynucleotide com- 
plex from S. typhimurium, S. typhosa, and 
S. newport were discussed. 
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Newcastle Disease Virus-Neutralizing Indexes of Normal 


Chicken Serums 


E. R. DOLL, M.A., D.V.M.; M. ELIZABETH WALLACE, M.S.; 
WILLIAM H. McCOLLUM, M.S. 


Lexington, Kentucky 


APPLICATION OF the in vitro serum-neutrali- 
zation (SN) test to the diagnosis of New- 
castle disease (ND), use of the test for 
determining susceptibility of experimental 
chickens, and its use for studying the anti- 
genicity of ND vaccines have made it desir- 
able to obtain data on the neutralizing values 
of normal chicken serums. Jn vitro neutrali- 
zation of Newcastle disease virus (NDV) 
employing inoculation upon the chorioal- 
lantoic membrane of embyronating chicken 
eggs was demonstrated by Keogh. Burnet? 
used an SN test in which inoculations were 
made into the amniotic sac. Minard and 
Jungherr? developed an SN test employing 
inceulation of the serum-virus mixture 
into the allantoic chamber of embryonated 
chicken eggs. A similar procedure was em- 
ployed by Brandly, Moses, Jungherr, and 
Jones,* who also studied the effects of vari- 
ous routes of inoculation upon SN titers. 

This report presents SN values derived by 
us from 175 serums obtained from apparently 
normal chickens not having any history of 
prior infection with NDV. 


MATERIALS AND METHODS 

Five flocks of chickens were used as the 
source of serums. Serum samples were obtained 
from 60, 8-week-old New Hampshire Red chick- 
ens in one flock, from 14, 9-week-old New Hamp- 
shire Reds in another flock, and from 81 adult 
hens of ages varying from 1 to 2 years on an- 
other farm. Among the adult hens, approxi- 
mately equal numbers of three breeds were 
used, Barred Rocks, White Rocks, and New 
Hampshire Reds. The parent stock of the 
chickens providing the blood samples had not 
been vaccinated for ND, and respiratory infec- 
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tions had not been observed in the flocks. 
Twenty serums were cbtained from 10-week-old 
New Hampshire Red chickens which were 
hatched from eggs laid approximately eight 
months following intranasal vaccination of the 
parent stock with the Bl strain of NDV. 

The blood samples were obtained from the 
wing vein with syringes and permitted to clot 
at room temperature. The serums were clarified 
by centrifugation, measured, and preserved by 
the addition of phenol to a final concentration 
of 0.5 per cent. The serums were stored at 
6 C. in test tubes closed with rubber stoppers. 
The tests were completed within three months 
after the serum samples were obtained from 
the chickens. 

The SN testing procedure was essentially the 
same as that outlined by Brandly et al.’ Equal 
quantities of undiluted phenolized serum were 
mixed with tenfold dilutions of amnioallantoic 
fluid virus estimated to be appropriate for 
obtaining end points. The serum-virus mix- 
ture was incubated one hour at room tempera- 
ture before inoculation into the allantoic cham- 
ber of 4, 10-day-embryonating chicken eggs for 
each virus dilution, using 0.1 cc. of inoculum. 
One series of virus dilutions was used for all 
serums tested on a given day. The inoculum 
for the virus titration was 0.05 cc. Deaths 
of embryos occurring during the first twenty- 
four hours following inoculation were regarded 
as nonspecific. Embryos dying from the seccnd 
through the fourth days were employed in cal- 
culating the embryo lethal dose, neutraliza- 
tion indexes (l.d.,. NI) by the method of Reed 
and Muench.’ The presence of NDV in the 
dead embryos was not determined by hemag- 
glutination or embryo inoculation. Two strains 
of NDV, Ky-90 and Ky-201, were used for the 
SN tests. Eggs laid by both immune and non- 
immune hens were used in conducting the tests. 


RESULTS 

The NDV-neutralizing values obtained 
with the 175 serums are summarized in 
table 1. There was no neutralization of NDV 
by 132 (75.429) of the serums. Lethal 
dose;, neutralization indexes varying from 
1.32 to 10.0 were obtained for 42 (24%) of 
the serums, and only 1 chicken had an 1.d.5» 
NI greater than 10, its value being 14.79. 
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DISCUSSION 

Phenolization of serums prior to SN de- 
terminations apparently has no effect on 
the protective titer. Brandly et al.* reported 
that the addition of 1.0 per cent phenol did 
not result in any difference in titer. Similar 
studies in our own laboratory failed to show 
consistent or reproducible differences in SN 
titers of filtered and phenolized serums. 


TABLE !—Neutralization Indexes Resulting from 
Serum-Neutralization Tests on 175 Serums from Normal 
Chickens Without History of Newcastle Disease 
Virus Infection 


Frequency Accumulated 
oO percentage of 
occurrence 


Neutralization 
index 
(1.d.co NI) * 


00 132 
32 


occurrence 


7 
7 
8 


9 


99.43 
100.00 


*Embryo lethal doses units of Newcastle disease 


virus neutralized by_0.05 cc. of serum. 


Of the serums tested in this study, 99.43 
per cent neutralized 10 or fewer embryo 
l.d.,,, of NDV. The mean value of the 1.d.,,, 
NI for 175 serums was 1.14 and the stand- 
ard deviation was 2.5. These results con- 
form closely to those obtained by Cunning- 
ham,® whose data on 100 SN tests indicated 
that the l.d.;,5 NI of 99.70 per cent of normal 
chicken serums would not be expected to 
exceed approximately 11 embryo l.d.59 per 
0.05 ec. of serum, Similar results were re- 
corded by Osteen and Anderson,‘ their data 
indicating that SN titers of less than 10! 
were obtained on serum from 23 normal, 
susceptible chickens. Also, they reported 
that SN titers as high as 100 minimum 
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lethal doses (m.].d.) of NDV were not en- 
countered in pooled serum samples from 
flocks with an ND-negative history. Brandly 
et al. determined the SN activity of 46 
serums obtained from chickens without 
known history of contact with NDV and 
found neutralizing titers varying from zero 
to 100 m.l.d. of NDV, 91.3 per cent of their 
serums having titers of 10 or fewer m.].d. 
Variance from these results was obtained 
by Minard and Jungherr? on serums from 
flocks having no known infection with NDV. 
In an examination of 25 chicken serums 
from one flock, they found that 68 per cent 
neutralized more than 100 embryo 1.d.5» of 
NDV, the titers ranging from 10* to 10°. 
For 32 serums from other sources, 96 per 
cent neutralized less than 100 embryo 1.d.5 
doses of NDV. 


SUMMARY 


Determination of the lethal dose,, neu- 
tralization indexes (l.d.;5 NI) of 175 serums 
obtained from normal chickens without 
known history of contact with Newcastle 
disease virus resulted in zero values for 
75.42 per cent, 1.32 to 5.89 values for ap- 
proximately 20 per cent, and 6.76 to 14.79 
for approximately 5 per cent of the serums. 
The ld.;o NI was 10 or less for 174 
(99.43%) of the serums. 
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Effects of Nasal Instillation of Virus Strains of Newcastle 
Disease Virus into the Cave Bat (Myotis Lucifugus) 


REGINALD L. REAGAN AND A. L. BRUECKNER, V.M.D. 
College Park, Maryland 


THE EGG-ADAPTED Newcastle disease virus 
(NDV) strains: California 11914; Colorado 
1946, BAI 1; Delaware 1946, BAI 1; Ken- 
tucky 1946, BAI 1; Minnesota 1946, BAI 1; 
and Connecticut 1946, BAI 1, used for these 
studies were obtained, in 1946, from the 
Bureau of Animal Industry, Department of 
Agriculture, Washington, D. C. These 
strains were isolated by Bureau workers 
from infected chicken tissue from the corre- 
sponding states before the introduction of 
commercial live virus vaccines for New- 
castle disease (ND). 

The cultures had been carried in 10-day 
embryonating chicken eggs through six 
serial passages. In our laboratory, they were 
carried through six additional passages in 
10-day embryonating White Leghorn eggs. 
Embryo passage of the California strain was 
continued through the twenty-fourth pas- 
sage. Allantoamniotic fluid from several 
eggs dead of each strain was harvested and 
pooled separately for each strain. All strains 
of the virus were confirmed to be NDV 
by neutralization tests conducted in 10-day 
embryonating chicken eggs. The tests were 
performed according to the procedure rec- 
ommended by the Bureau of Animal Indus- 
Newcastle disease-immune chicken 
serum neutralized the virus in all cases 
while normal chicken serum had no effect. 
These six strains had been successfully 
transmitted to the cave bat, Myotis luci- 
fugus, by intracerebral inoculation,? and 
the California strain had also been trans- 
mitted to the cave bat by intranasal instilla- 
tion, by intraperitoneal inoculation, and by 
subcutaneous inoculation. 

One-hundredth cubic centimeter of pooled, 
infected allantoamniotic fluid from embryo- 
nating egg passages of all strains was in- 
stilled nasally into each of 6 cave bats. 
The bats were anesthetized with ether 
prior to the instillation. Within two to four 
days, bats injected with the California 
~ From the Live Stock Sanitary Service Laboratory, 


Maryland State Board of Agriculture, University of 
Maryland, College Park. 


strain 11914 showed typical NDV symp- 
toms: irritability, malaise, rhythmical con- 
traction of muscles starting in the limbs 
and spreading over the entire body, paraly- 


TABLE !—Bat Passage by Intranasal Instillation of 
California Strain 11914 of Egg-Adapted 
Newcastle Disease Virus 


No. bats 

paralyzed, 

moribund, 
or dead 


Min. to max. 
incubation 
period (days) 


No. bats 
inoculated 


Passage 
(No.) 


sis of the hind legs, prostration, and death. 
There was no evidence of excessive saliva- 
tion from pharyngeal paralysis, as seen in 
some other animals infected with the ham- 
ster-adapted NDV California strain 11914.* 

Bats injected with the other five strains 


TABLE 2—Titration of Newcastle Disease Virus, Cali- 
fornia Strain 11914, from Brains of Bats of the 
Sixth Intranasal Passage, Using Bats as the 
Test Host 


Virus dilutions Lethal dosese 
10-4 
5 1/5 10-39 


10 
4 


*Numerator of fraction denotes the number of 
deaths; denominator denotes the number of bats 
injected. 


showed no typical ND symptoms after three 
attempts at exposure by this method. A total 
of 24 bats was used for each strain. From 
two to six days following inoculation, sev- 
eral bats were destroyed from each strain, 
the brains removed aseptically, ground to a 
10 per cent suspension with physiological 
saline, and injected into the allantoic cham- 
ber of 10-day embryonating eggs. The eggs 
appeared normal and were discarded after 
seven days’ incubation. This indicates that 
virus was present only in the brains of those 
bats receiving the California strain 11914. 
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1 8 7 2-4 
2 g 6 2-4 
3 s 6 2-4 
4 ' 8 6 2-4 
5 8 5 2-4 
6 2-4 
i 
3/5* 
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When nervous symptoms developed in the 
bats infected with the California strain, the 
brains were removed aseptically, ground 
with alundum, and diluted to a 10 per cent 
suspension with physiological saline. The 
bat brain suspension was inoculated into 
the allantoic chamber of 10-day embryonat- 
ing eggs. All embryos injected with brains 
from the initial passage died within five 
days, whereas embryos, then on the second 
and third egg passages, died within forty- 
eight hours. Pooled allantoamniotic fluid 
from the dead eggs of this third passage 
was prepared. A neutralization test was 
done on the infected pool against NDV anti- 
serum and normal chicken serum, using em- 
bryonating chicken eggs as the test host. 
The result of this test proved the virus to 
be that of ND. 

The California strain 11914 of egg- 
adapted NDV was carried through six pas- 
sages in the cave bat, as shown in table 1. 
Brain material for passage was chosen from 
bats destroyed when nervous symptoms de- 
veloped. Quantities of 0.01 cc. of 10 per cent 
virus-bearing brain suspension from the 
preceding passage was instilled nasally 
throughout the six passages. These passages 
are being continued at the present time. A 
virus-neutralization test was conducted 
using brain suspension of the sixth intra- 
nasal bat passage with specific ND-immune 
and normal chicken serum, and with bats as 
the test host using the intranasal method of 
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infecting the bats. Specific ND-immune 
serum completely neutralized the virus 
while normal chicken serum had no effect. 
The virus titrated 10°” (table 2), according 
to the Reed-Muench method of calculation.® 


SUMMARY 


The cave bat, Myotis lucifugus, is sus- 
ceptible to the California strain 11914 of 
Newcastle disease virus by intranasal in- 
stillation. The California strain was carried 
six passages in the bat by intranasal instil- 
lation of infected bat brain suspensions. 
Newcastle disease virus infection could not 
be produced in bats by intranasal instilla- 
tion of the Minnesota 1946, BAI 1; Colorado 
1946, BAI 1; Kentucky 1946, BAI 1; Con- 
necticut 1946, BAI 1; and Delaware 1946, 
BAI 1 strains of the virus. Three trials using 
intranasal instillation were made for these 
five strains. 
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Use of Sulfaquinoxaline as a Preventative Against Mild 
Outbreaks of Coccidiosis of Chickens Under Field Conditions 


R. A. BANKOWSKI, D.V.M., Ph.D. 
Davis, California 


EXTENSIVE LABORATORY and field experi- 
ments with various sulfonamides for the 
control of coccidiosis in chickens have been 
conducted by numerous investigators dur- 
ing the past ten years. In nearly all of this 
work, the effectiveness of the drug was 
tested either against artificial infection 
with massive doses of sporulated odcysts or 
by administering the sulfonamide mixed 
with the mash to flocks exposed to natural 
infection in a heavily contaminated environ- 
ment. Delaplane, Batchelder, and Higgins,' 
and later Grumbles, Delaplane, and Hig- 
gins,” reported that sulfaquinoxaline was 
effective as a prophylactic agent for coccid- 
iosis when medicated mash was started 
before infection and was fed continuously 
or at intervals until the disease had run its 
course in the affected flocks. Again, the 
flocks used were exposed to heavy infection. 

The essential difference between the ex- 
periments of Delaplane et al.’ and others 
and those reported herein is that the flocks 
given sulfaquinoxaline as a prophylactic in 
these experiments had such a low degree of 
exposure to coccidiosis that the number of 
deaths in both treated and nontreated 
groups was so slight that mortality could 
not be used as the major criterion for evalu- 
ating the efficacy of the drug. 


MATERIALS AND METHODS 


The trials were conducted on a farm where 
both cecal and intestinal coccidiosis had ap- 
peared annually for the past fifteen years. All 
of the chickens were White Leghorn females 
which were obtained as day-old chicks in three 
lots at four-week intervals. The chickens were 
brooded and reared on the floor, using wood 
shavings as litter, which was not stirred or 
changed during the experiment. When the 
chicks in each lot reached the age of 4 or 5 
weeks, five equal groups were established. 
These groups were housed in pens under one 
roof but they were separated by wire parti- 
tions. There was no evidence of coccidiosis in 
any of the groups prior to the time the drug 
was administered. 


From the Department of Veterinary Science, Uni- 
versity of California, Davis. 
The sulfaquinoxaline was supplied by Merck & 
J. 


Co., Rahway, N. 


The drug was mixed in the mash at the 
feed mill to insure an even distribution. The 
method of feeding consisted of providing both 
mash and grain. A daily record of the feed 
consumption was carefully maintained, from 
which the actual amount of drug in the total 
ration was calculated. To conserve space, a 
daily record of feed and drug consumed by 
each group of chickens is not included in this 
report, but the percentage amounts of sulfa- 
quinoxaline in the mash and in the total ration 
during the course of the disease are sum- 
marized in tables 1 and 2. 

Oécyst counts were made, using the method 
previously described by Beach.* The feces were 
collected on sheets of heavy wrapping paper 
placed under each roost. The droppings were 
then well mixed and a representative sample 
taken for counting of odcysts. 

Sulfaquinoxaline determinations were made 
upon l1-ml. samples of whole blood diluted 
1:20 with distilled water. A Cenco-Sheard- 
Sanford photelometer was employed for meas- 
uring the color reactions. 

First Trial—Beginning April 1, 1950, when 
the first lct of chicks reached an age of 5 
weeks, one group was held as controls and 
four groups were continuously fed medicated 
mash containing 0.0166, 0.025, 0.05, and 0.1 per 
cent sulfaquinoxaline, respectively, as indicated 
in table 1. The treatment was continued until 
coccidiosis appeared and the results of the 
treatment were obtained. 

The first evidence of coccidiosis appeared 
on April 17, 1947, when the appetite of the 
birds was observed to have decreased and a 
few bloody droppings were seen in pens 1 and 
2. On April 19, 3 chickens were selected at 
random from the control group for autopsy. 
One chicken showed a slight amount of blood 
in the cecums, and many odécysts and imma- 
ture forms were found cn microscopic examina- 
tion of cecal scrapings. There was no evidence 
of intestinal coccidiosis. Lesions were not 
found in the other 2 birds. During the next 
four days (April 19-23), the disease became 
progressively worse in all of the pens but the 
infection was of a mild nature. The mortality 
resulting from the infection was too low to be 
of value in determining the efficacy of the 
various amounts of drug employed but, in 
spite of the mild nature of the disease, a dif- 
ference in severity of the disease was noted 
by the amount of blood in the droppings, 
oécyst counts, and general appearance (table 
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1). The chickens in the control pen (No. 1) 
were slightly depressed, and the droppings 
contained a moderate amount of blood. The 
most severely affected chickens were those in 
pens 2 and 3. These showed a marked depres- 
sion, a drop in feed consumption, and con- 
siderable blood in the droppings. Chickens in 
pens 4 and 5 were less severely affected; ap- 
proximately, 8 per cent of the birds in these 
respective pens showed dullness, inappetence, 
and a tendency to huddle. The greatest quan- 
tity of blood in the feces was seen in all pens 
on the sixth day of the disease, and after that 
the occurrence of blood rapidly diminished. By 
the tenth day, the droppings were free of 
blood. 

Oécyst counts made of the droppings col- 
lected over a period of seventeen hours from 
the evening of April 22 to the morning of 
April 23 showed that the greatest number of 
oécysts was liberated by the chickens of pen 
3, which received the least amount of the drug, 
while the birds of pen 4 shed the smallest 
number of odcysts. The number of odcysts 
found in the feces did not conform to the 
clinical observations in all instances, but the 
discrepancy may be due to the variations in 
the stages of the disease process among the 
groups at the time the samples were taken. 

All surviving birds were examined two weeks 
after the last day that blood had appeared in 
the droppings. Differences in the appearance 
among the five groups of chickens were not 
observed. The medicated mash was, therefore, 
discontinued, and 20 birds from each pen were 
challenged with 100,000 sporulated oécysts of 
Eimeria tenella. ' No evidence of coccidiosis 
appeared in the challenged chickens or in their 
pen mates during the succeeding two weeks. 

Second Trial.—The procedure of the second 
trial was the same as in the first trial, except 
that the concentrations of sulfaquinoxaline in 
the mash of the four treated groups were 
changed to 0.1, 0.066, 0.05, and 0.033 per cent, 
respectively, and the medicated mashes were 
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given for seven-day periods, with intervening 
seven-day periods during which regular mash 
was fed (table 2). 

Both cecal and intestinal coccidiosis occurred 
in the flock, but the two types of infections 
differed in the time of their appearance. Cecal 
coccidiosis occurred four weeks from the time 
the experiment was begun and on the fourth 
day of a week during which regular mash was 
being fed. The results are summarized in 
table 2. 

The first sign of cecal coccidiosis, which 
consisted of the appearance of blood in the 
droppings of the chickens of groups 1, 2, and 
3, was noted on the morning of May 8, 1947. 
Judging from the amount of blood and the 
appearance of the birds, the controls (group 
1) appeared least affected, whereas the birds 
of group 3 were most severely affected. Three 
days later, a few bloody droppings appeared in 
pens 4 and 5 but, forty-eight hours later, the 
feces in these pens as well as in pens 1, 2, and 
3 were free of blood again. 

There was no significant difference in the 
mortality during the first week (May 6-12) 
of the appearance of coccidiosis when all groups 
were receiving the regular mash; however, in 
the following week (May 13-19), when the 
treated groups were again placed on medicated 
mashes, the mortality increased in all pens 
(table 3). Autopsy of some of the birds of 
each group that died during these periods 
showed lesions of cecal coccidiosis in the 
treated groups and both cecal and intestinal 
forms of the disease in the nontreated control 
group. The results of the examination of 
feces passed on the evening of May 18 and 
the morning of May 19 indicated that the con- 
trols were still shedding a few odcysts, while 
the treated chickens were not (table 2). 

Although no further clinical cecal and in- 
testinal coccidiosis was observed in the con- 
trol group after the period May 13-19, symp- 
toms of the disease reappeared in the treated 
groups on May 24, five days after the birds 


TABLE I—Severity of Infection and Sulfaquinoxaline (SQ) Blood Levels of Five Groups of Chickens 
Fed a Grain-Mash Ration Containing 0.0166, 0.025, 0.05, and 0.10 Per Cent SQ in the Mash 
Continuously for Forty-Two Days 


SQ in total 
ration 
%)* 


of 


Group 
tic 


SQ in mash 
(No.) %e 


No. birds (Ave 


0.000 -+ 
0.025 
0.0166 
0.050 
0.100 
*Calculated from daily records of mash and gra 


disease April 17 to 24. **Severity of infection of « 


inspection. ¢Twenty birds in each pen challenge 
after the last day blood was seen in droppings. 


Severity 


Odcyst 
per Gm. 
feces 
April 


22-23 


No. dead 
April 


17-26 


infec- 
yn** Immunityt 
17,400 Immune to 
Eimeria tenella 
Immune to 

E. tenella 
Immune to 

E. tenella 
Immune to 

E. tenella 
Immune to 

E. tenella 


21,600 
53,800 
10,300 


+ 


+ 18,000 


in fed to the chickens during the course of the 
‘ecal coccidiosis was based on appetite, general 
appearance, and amount of blood in droppings during course of the disease, as determined by 


od with 100,000 sporulated odjcysts two weeks 


3 
i 
| 
+ 


had been taken off their respective mashes. 
Anorexia was a prominent symptom which be- 
came progressively worse during the next two 
days. The birds in groups 2, 3, and 4 were 
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cecal material, and, in almost all cases, the 
walls of the small intestine were markedly 
thickened and petechiated. No single species 
of coccidia could be incriminated in the mixed 


TABLE 2—Effect of Sulfaquinoxaline (SQ), Given Continuously in the Ration for Seven Days Followed 
by an Intervening Period of Seven Days when Regular Mash Was Given, upon Cecal 


and Intestinal Coccidiosis 


SQ in 
Total 
ration** ls 
(%) 


0.000 


Mash 
(%) 


Group No. 
(No.) birds 


1 625 


2 622 0.100 0.047 


3 622 0.066 


0.050 


.030 
-024 
016 


4 626 
5 621 0.033 


Severity of disease*® 


t 2nd 
outbreak outbreak 


Odcysts per 

___Gm. feces 

May May 

18-19 30-31 Immunityt 


nil 0 
0 1,635 
0 2,095 
0 4,735 


Immune to 
Eimeria tenella 
Immune to 
E. tenella 
Immune to 
E. tenella 
Immune to 
E. tenel 
0 Immune to 

BE. tenella 


*Type and severity of infection based upon autopsy, feed consumption, bloody droppings, and 
condition of the groups on inspection. C = cecal coccidiosis. = intestinal coccidiosis, First 
outbreak May 8 to 19. Second outbreak May 24 to 30. **Average sulfaquinoxaline in per cent, 
based upon calculation of mash and grain consumed during course of first and second outbreaks. 
+Fifteen chickens in each pen inoculated with 100,000 sporulated odcysts of Eimeria tenella two 
weeks from the first day that blood was seen in droppings of second outbreak. Not tested for 


immunity to intestinal species. 


markedly depressed, and the droppings were 
watery and blood flecked. These symptoms 
were most prominent in group 4. No blood was 
found in the droppings of group 5 during this 
period, and the only symptom observed was 
a slight depression which was evident on May 
25 and 26. In the meantime, the control 
chickens remained active and alert. The dis- 
ease continued until May 30, four days after 
resumption of the medicated mash. There- 
after, the birds improved rapidly and, by 
June 1, they appeared normal with respect to 
both appetite and activity. 

Postmortem examination of the birds that 
died during the period of the relapse showed 
evidence .of both intestinal and cecal coccid- 
iosis. The cecums contained caseous cores 
cr small amounts of blood admixed with the 


infection. Microscopic examination of the in- 
testinal contents revealed a large number of 
developing coccidial forms. 

On June 8, approximately two weeks from 
the first day that the blood was seen in the 
droppings in the second outbreak, 15 birds of 
each group were inoculated orally with 100,000 
sporulated odcysts of E. tenella. No evidence 
of cecal coccidiosis was seen in the inoculated 
chickens or in their pen mates during the two- 
week observation period. The inoculation of 
4 susceptible controls with the same material 
caused an acute form of disease in all of the 
birds by the fourth day, followed by death 
of 2 birds on the fifth day. 

Third Trial—When the third lot of chicks 
was 4 weeks old (on May 10), it was divided 
into five groups, each containing approximately 


TABLE 3—Mortality of One Nontreated Group and Four Groups of Chickens Treated with 0.1, 0.066, 
0.05, or 0.033 Per Cent Sulfaquinoxaline (SQ) in the Mash for Seven Days at Weekly Intervals 


Group 
(No.) 


May 6-12** 


Mort. 


May 13-19 
Treat.t 


None 12 


Treat. Mort. 


None 


Treat. 


None 
None 0.1% 10 
SQ 
0.066% 3 
SQ 
0.05% 
SQ 


None 


None None 


None None 


5 None 0.033% 4 


SQ 


None 


**First outbreak, May 8 to 19. 
in the mash of the mash-grain ration. 


Period* 
May 20-26+ May 2¢6-June 2 


Total 
mortality 


June 3-9 


Mort. 


Mort. Treat. 
1 None 1 


Mort. Treat. 


None 
5 0.1% ll 
SQ 
0.066% 
SQ 
0.05% 29 
SQ 
0.033% 3 
SQ 


None 0 


None 0 


None 0 


None 0 


*Treatment and mortality in the five groups of chickens during the seven-day periods shown. 
tSecond outbreak, May 24 to 30. 


tPer cent sulfaquinoxaline 


a 
5 
- 
te 
| 
4. +. 
c 
++4 
I 0 
+ + 
j 
17 
28 
3 25 
4 1 48 
13 
= 
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630 chicks. The treatment consisted of either 
0.1 per cent or 0.2 per cent of sulfaquinoxaline 
in the mash, which was given for two or three 
days of the week followed by a five- or four-day 
period on a regular mash, as shown in table 4. 

The intermittent feeding of medicated mash 
was begun on May 10 and continued until June 
22, an elapsed period of forty-four days. The 
attendant noted that the chickens in groups 
2 and 3, which received the 0.2 per cent sulfa- 
quinoxaline mash, showed a marked distaste 
for the medicated feed when it was set before 
them, but the 0.1 per cent sulfaquinoxaline mash 
was consumed readily. Determinations of sulfa- 
quinoxaline blood concentrations following 
forty-eight hours on the respective medicated 
mashes showed that higher sulfaquinoxaline 
blood levels were obtained with the 0.1 per 
cent medicated mash than with the mash con- 
taining 0.2 per cent of the drug (table 4). 
It was apparent, therefore, that mashes con- 
taining 0.2 per cent of sulfaquinoxaline were 
not consumed in normal quantities by the 
chickens. 

A mild form of intestinal coccidiosis due to 
Eimeria marima was detected in the flock 
on June 8, during the fifth week of the ex- 
periment. The results, as summarized in table 
4, show that both the 0.2 and 0.1 per cent 
sulfaquinoxaline mashes appeared to exert a 
marked coccidiostatic effect; however, the lat- 
ter concentration proved to be more effective 
than the former. The disease was still evi- 
dent in the control pen after June 15. In this 
pen, 25 per cent of the birds continued to 
show listlessness and inappetence, but the four 


groups of chickens which were on the medi- 
cated mash appeared normal. At no time was 
blood found in the feces of any group. 

On June 22, all of the birds appeared bright, 
alert, and active. Inasmuch as odcysts of E. 
marima were not available to determine the 
degree cf immunity in the flock to this species, 
it was decided to determine whether enough 
undetected coccidiosis caused by EZ. tenella 
may have been present in the chickens to im- 
munize against this species. For this purpose, 
3 birds, picked at random from each of the 
five pens, were challenged orally with 130,000 
odcysts of E. tenella. No symptoms were ob- 
served and none of the chickens died of EZ. 
tenella infection, but they were shedding 
oécysts, and 5 chickens (3 from pen 3 and 1 
bird from each of pens 1 and 2, respectively) 
showed lesions of the disease upon autopsy. 
It is apparent that the birds in all five groups 
had acquired enough £. tenella infestation at 
some time during their lives on the ranch to 
make them wholly or partially immune to this 
protozoon. 


DISCUSSION 


Reported herein are the results of a field 
trial with sulfaquinoxaline given in various 
concentrations continuously and at intervals 
to three flocks, comprising 9,380 chickens on 
the same poultry farm. The drug was given 
in the mash, but the flocks were fed a mash 
and grain ration, and the percentage of 
sulfaquinoxaline in the total ration was 
computed from the daily records of the 


TABLE 4—Severity of Infection, Mortality, OScyst Output, and Sulfaquinoxaline (SQ) Blood Concen- 
trations in Five Groups of Chickens of Trial 3 Which Were Fed a Mash-Grain Ration Containing 
0.1 or 0.2 Per Cent SQ in the Mash for Two or Three Days Followed by the Regular Mash 


for the Following Five or Four Days, Respectively 


Mortality 


Severity of 
Treatment 


None ++- 15 
(controls) 


3-4 
schedule 
schedule 


0.1% 
on 


3- 
schedule 


*Severity of infection based upon symptomatology on inspection, 


Odcysts per Me. SQ** 
Gm. feces 100 ce. blood 


infection* June8-15 June16-23 June 9-10 Mean Range 


6 35,414 


**Sulfaquinoxaline blood 


concentrations of 20 chickens following forty-eight hours on the respective medicated mashes. 


Determinations made prior to infection of flock. 


* 
| 
} 
| 
Pen ‘ 
( No.) 
2 0.2% + 1 2 5,384 0 
on 
2-5 
1.02 to 
3 0.2% 
on + 1 770 2.09 
2 1 0 
1.40 to 
5 i 0 1 0 2 99 


relative amounts of mash and grain con- 
sumed. Although coccidiosis had occurred 
annually and had been a serious problem 
on this farm for the past fifteen years, the 
severity of the infection during this trial 
was sufficiently mild so that treatment could 
not be evaluated upon the mortality alone. 

In a mild outbreak of cecal coccidiosis, 
the continuous feeding of a medicated mash 
in a ration which furnished 0.025 per cent 
sulfaquinoxaline during the course of the 
disease was found to be beneficial. The clin- 
ical symptoms of depression, bloody drop- 
pings, and odcyst production in the group 
receiving this level were noticeably mini- 
mized. A ration which contained 0.049 per 
cent sulfaquinoxaline of the total ration was 
found to be slightly more effective. Grum- 
bles, Delaplane, and Higgins? reported that 
a sulfaquinoxaline mash containing 0.0125 
per cent of the drug given continuously was 
effective in decreasing the mortality in 
severe outbreaks of E. tenella infections. 
The results of this field trial showed that 
rations which supplied an average of 0.008 
or 0.013 per cent sulfaquinoxaline in the 
total ration were of little or no value in 
reducing the clinical symptoms in a mild 
outbreak of coccidiosis caused by E. tenella. 
It is evident therefore that, because of the 
mild nature of the disease, treatment by the 
continuous method as a preventative meas- 
ure against this infection was unnecessary 
and consequently uneconomical, 

In another trial, administration of sulfa- 
quinoxaline in the mash to chickens for 
periods of seven days, with intervening pe- 
riods of seven days when regular mash was 
fed, was found to be of some value in cecal 
and intestinal coccidiosis when given in the 
mash at a level which supplied from 0.015 
to 0.018 per cent of the drug in the total 
ration. The maintenance of such concen- 
trations of the drug in the ration was found 
to reduce the clinical symptoms, reduce the 
mortality from both cecal and intestinal 
coccidiosis, and enable the chickens to be- 
come immunized against infections to which 
they were exposed after withdrawal of the 
sulfaquinoxaline mash. Higher concentra- 
tions of the drug in the mash, which sup- 
plied 0.047, 0.030, and 0.024 per cent of the 
drug in the total ration, respectively, ap- 
peared to be too highly coccidiostatic. This 
apparently precluded immunity production, 
as shown by a relapse of the infection which 
occurred three to five days after the medi- 
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cated mash was withdrawn. A study of the 
mortality also suggests that the interval of 
seven days between treatments was too long, 
because the highest death rates were found 
during the period the birds were treated. 
The drug apparently protected the birds 
completely while treated and soon there- 
after, because, when the medicated mash 
was withdrawn, the disease reappeared and 
was too well advanced to be affected by the 
drug when treatment was resumed again. 
There was no evidence to indicate that in- 
testinal coccidiosis was present in the 
treated groups at the time of the first out- 
break; however, it is impossible to ascer- 
tain whether the drug prevented the devel- 
opment of the parasite during the period of 
treatment or whether the spread of intes- 
tinal coccidiosis from the control group to 
the other pens was slower than the cecal 
form of the disease. 

It is of interest to compare the results 
of trials 1 and 2, which involved treating 
a mild form of coccidiosis caused by E. te- 
nella under field conditions. Sulfaquinoxa- 
line concentrations in the total ration of 
0.013 per cent were not effective in con- 
trolling 'the clinical symptoms associated 
with the disease in the first trial, but a 
slightly higher drug concentration of 0.016 
per cent in trial 2 was not only effective in 
alleviating the symptoms but did not retard 
immunity production. Higher concentrations 
of the drug in the total rations of 0.025 and 
0.024 per cent in these trials, respectively, 
were very effective against clinical manifes- 
tations of the infection, however the latter 
concentrations interfered with production 
of an immunity. It is apparent that the con- 
centration of drug employed is bound within 
narrow limits for its maximum effectiveness 
against the clinical manifestations and pro- 
duction of an immunity toward this pro- 
tozoon. 

Sulfaquinoxaline, when given in the mash 
at the rate of 0.1 per cent or 0.2 per cent 
in a mash-grain diet for two or three days 
of the week, was found to be coccidiostatic 
against a mild infection of coccidiosis 


caused by E. maxima. The 0.1 per cent sulfa- * 


quinoxaline which furnished 0.035 to 0.05 
per cent of the drug in the total ration ap- 
peared to be more effective than the mash 
containing a higher concentration, and, 
since the disease was of a mild nature, the 
relative efficiency of medication for two or 
three days of the week could not be ascer- 


354 
tained. The medicated mash on these sched- 
ules markedly reduced the clinical symp- 
toms, reduced mortality, and shortened the 
duration of the disease. When the sulfa- 
quinoxaline concentration was increased to 
0.2 per cent in the mash, the treatment was 
less effective, because the medicated feed 
was sufficiently distasteful to the birds to 
defeat, partially, its therapeutic purpose. 
The average concentration of sulfaquinoxa- 
line in the blood of 20 chickens, picked at 
random following forty-eight hours of medi- 
‘ation, was less than in chickens which re- 
ceived the 0.1 per cent sulfaquinoxaline 
mash. 


SUM MARY 


The results of three trials, with sulfa- 
quinoxaline administered to chickens in a 
mash as a prophylactic agent against an im- 
pending infection with coctvidiosis, indicated 
that the drug was effective in alleviating 
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clinical manifestations in chickens infected 
with mild cecal and some forms of intestinal 
coccidiosis. The effective dosage for alleviat- 
ing symptoms of cecal coccidiosis by the 
continuous method of treatment, however, 
appeared to be greater than the amount 
which has been reported as effective in de- 
creasing the mortality from more severe 
forms of the disease. 

The disease in the trials as reported 
herein was not sufficiently serious to war- 
rant treatment by preventive methods 
which are widely recommended at the pres- 
ent time. 
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Botulism in the Mouse, Mink, and Ferret with Special 
Reference to Susceptibility and Pathological Alterations 
T. MOLL, D.V.M., M.S., and C. A. BRANDLY, D.V.M., M.S. 


Madison, Wisconsin 


BOTULISM HAS continued to cause heavy 
losses on fur farms in recent years. In the 
most of these cases, however, the diagnosis 
has been based almost solely upon the symp- 
toms in conjunction with the circumstances 


15, 18, 19 21,25 Quortrup and Holt!? reported 
three outbreaks of botulism in mink with a 
mortality of 90 per cent. Typing with spe- 
cific antiserums showed that these cases 
were due to type C toxin. Hall and Stiles* 
reported an outbreak in mink with a 96 per 
cent fatality rate due to Clostridium botu- 
linum, type A. Pyle and Brown'® reported 
botulism in Silver Foxes and, on typing of 
filtrate from the suspected food boxes 
against specific antiserums, it was concluded 
that the outbreaks were caused by type A 
toxin. 

Shoop,**: 24 using a type A culture, could 
cause death in Silver Foxes by injecting 
50,000 to 100,000 mouse minimum lethal 
doses (m.l.d.) of filtered culture subcutane- 
ously. The filtrate contained 10* to 107 mouse 
m.l.d, per cubic centimeter, and ten times 
this quantity given per os did not produce 
any apparent injury. However, 2.5 x 10° 
mouse m.l.d. of unfiltered culture per os was 
held responsible for the death of 1 of the 
foxes after five days. Shoop,** using type A 
culture, found that 2 x 10° mouse m.l.d. 
per os did not cause symptoms in mink, 
while 10* m.l.d., subcutaneously, killed this 
species in twenty-four hours. The mouse 
m.l.d. of this culture represented 0.0001 cc. 
This author also reported that, after receiv- 
ing botulinum toxin per os, a slight degree 
of immunity occurred in the mink but not 
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enough to produce a refractivity to subcuta- 
neous injection. Quortrup and Gorham”? re- 
ported an investigation which showed that 
mink and ferrets were moderately suscepti- 
ble to the toxins of Clostridium parabotu- 
linum, types A and B, and highly susceptible 
to the toxin of Cl. botulinum, type C, 
whereas they appeared to be immune to 
type E. 

Various authors claim botulism to be of 
little or no importance in furbearing ani- 
mals.*! Many reports of heavy losses in these 
animals are, however, presumed to be due 
to botulism. The way the food is sometimes 
handled might certainly provide excellent 
conditions for toxin production by Cl. botu- 
linum and Cl. parabotulinum. 

In consideration of the facts and data 
cited and in view of the availability of suit- 
able animals and toxins, a study was under- 
taken to determine the susceptibility of mink 
and ferrets to the purified toxin of the types 
A and B of Cl. parabotulinum. Critical ob- 
servations were also possible on the acute 
phase and postmortem changes in the poi- 
soned animals. 


EXPERIMENTAL MATERIALS AND METHODS 


Quantities of purified toxins, types A and B, 
were received in April, 1948, through the 
courtesy of Dr. Carl Lamanna of Camp Detrick, 
Md.’:*:* The toxins were subsequently stored in 
rubber-stoppered glass bottles in the refrigera- 
tor at 4 C. for five months before the experi- 
ment was undertaken. Immediately before use, 
the necessary amount of toxin was weighed out 
and suspended by triturating with saline 
(pH about 4.2) in sterile mortars. Saline was 
used also for making dilutions. Because of a 
slight tendency toward settling, the suspen- 
sions were shaken well immediately before 
animal introduction. The mice used for the 
titration of toxin were from two different 
strains of the same stock. The mink and fer- 
rets used in the experiments were all raised 
at the same fur ranch and were approximately 
six months old when the study was initiated. 

Determination of the Minimum Lethal Dose 
for the Mouse.—Since the work covered a con- 
siderable period of time, the potency of the 
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toxins was tested repeatedly at certain in- 
tervals, both by the peritoneal and oral routes, 
on 20-Gm. white mice. A group of 6 mice was 
used for each quantity of toxin and one group, 
serving as control, was given an equal amount 
of saline by each route. Various dilutions of 
toxin were given to each mouse in 0.1-cc. quan- 
tities, intraperitoneally; 1.0 cc. by a stomach 
tube. 

The m.l.d. was established as the smallest 
quantity of toxin which would kill all the mice 
within the group in seventy-two hours (table 
1). The spread of the m.l.d. range in the mouse 
is not unusual, in view of our preliminary re- 
sults as well as those of Shoop.” * 

Following administration of large doses 
(1,000 m.1.d. or more) of toxin to mice, symp- 
toms developed rapidly followed shortly by 
death. Following administration of smaller 
doses (100 m.l.d. or less), the development of 
symptoms was delayed and the intoxication 
progressed more slowly. Labored abdominal 
breathing and convulsions preceding death 
were the classical expressions of the poisoning. 

Susceptibility of Ferrets to Purified Para- 
botulinum Toxin, ‘Types A and B, Intraperitone- 
ally and Per Os.—Fourteen groups of ferrets, 
consisting of 3 males and 3 females in each 
group, were given purified botulinum toxin in 
saline, intraperitoneally. Four groups received 
the type A toxin and ten groups received the 
B toxin. Three additional groups serving as 


controls were given saline by the same route 


(table 2). 

Sixteen similar groups of ferrets were given 
purified botulinum toxin in saline per os. The 
toxin was administered under light ether anes- 
thesia by means of a l-cc. glass pipette as a 
stomach tube attached to a syringe. Ten of 
these groups received the type A toxin and 
seven groups received the type B toxin. Five 
additional groups serving as controls were 
given saline only (table 2). 

The animals were not fasted previous to 
treatment, and food was accessible to them 
immediately after treatment. 

Symptoms and Issue in Ferrets.—All animals 
receiving 0.91 mg. or more of A toxin or 2 mg. 
or more of B toxin, intraperitoneally, developed 
symptoms and all died. The symptoms started 
twelve to forty-eight hours after inoculation 
and consisted of squinting of the eyelids, dull- 
ness, urine soiling of the fur of the belly and 
rear extremities, ataxia, paralysis, and prostra- 
tion. The animals lost weight very rapidly 
from the time symptoms appeared until fatal 
issue. Death ensued from one to three days 
after inoculation, and the course of the in- 
toxication was, to a considerable extent, inde- 
pendent of the dosage of toxin given. 

Ferrets given toxin per os showed great 
variability in response. As little as 10 mg. of 
A toxin and 5 mg. of B toxin sometimes caused 
symptoms and death, while dosages as large 
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as 60 mg. of A toxin or 40 mg. of B toxin did 
not induce marked symptoms of poisoning in 
other individuals. As after parenteral injec- 
tion, symptoms appeared in twelve to seventy- 
two hours and death ensued in from to one to 
seven days. In all these experiments, the symp- 
toms appeared sooner after administration of 
A than B toxin, and the course of the intoxica- 
tion was slightly shorter for A than for B 
toxin. The symptoms were identical with A 
and B toxins by both routes of administration. 

Pathological Changes.—Necropsy of dead ani- 
mals was performed immediately after death. 
On gross examination, all revealed congestion 
of the liver, spleen, and kidney; subcapsular 
hemorrhage of the spleen; collapse of the 
lungs; distension of the bladder, gall bladder, 
and lower part of intestine; and, in some in- 
stances, petechial hemorrhage of the thymus. 

Tissues for microscopic study were fixed in 
neutralized 10 per cent formalin and stained 
with hematoxylin-eosin. 

The same changes were observed in all dead 
animals, although those surviving the longest 
times showed more marked involvement. 

The liver sections revealed parenchymal con- 
gestion and hyperemia with distension of the 
capillaries and veins. Some hemorrhages were 
also seen. The lungs showed alveolar collapse 
and extensive hyperemia with some hemor- 
rhage. The kidneys manifested hyperemia with 
hemorrhages and degeneration of the tubular 
epithelium. A few hemorrhages were seen in 
some sections of the cerebellum. The spleens 
revealed a striking picture, most marked in 
those animals from group 2 which had sur- 
vived four to seven days before succumbing. 
This organ was hyperemic with numerous sub- 
capsular and follicular hemorrhages. The 
spleens of the animals which died twenty-four 
hours after inoculation were congested with 
well-defined necrosis of the centers of the 
lymphoid follicles. There were signs of clump- 
ing of the reticulum cells into islands, and 
some giant cells. 

The spleens of animals which died seventy- 
two or more hours after inoculation exhibited 
hyperplasia of the mononuclear cells in the 
centers of the follicles together with a thinning 
out of the lymphocytes, as well as a definite 
clumping of reticulum cells and the appearance 
of relatively large numbers of giant cells. An 
inflammatory reaction could not be detected in 
any of the other tissues examined. 

Supplementary Experiment 1.—To exclude 
the possibility that failure to develop intoxica- 
tion was the result of vomition soon after ad- 
ministration of the toxin, one group of ferrets, 
3 males (weight 1,520 to 1,580 Gm.) and 3 
females (weight 650 to 790 Gm.), were each 
given 40 mg. of type A toxin per os and placed 
in a wire-bottomed cage over white paper. The 


‘toxins were diluted in 4 cc. saline to which 


carmine was added. One additional group serv- 
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ing as controls was given saline mixed with 
carmine only. The animals were watched closely 
for forty-eight hours and evidence of emesis 
was not seen in any instance. The control 
animals did not show any symptoms, while 2 
females in the group which received tcxin 
showed symptoms forty-eight hours after treat- 
ment. Both of the latter died within seventy- 
two hours after treatment, with typical symp- 
toms of urine soiling, ataxia, and paralysis. 
One of the males showed symptoms of eye 
squinting and of dullness six days after treat- 
ment but recovered. 

Supplementary Experiment 2.—To determine 
the effect of the acidity of the stomach upon 
the course of the poisoning, 2 males (weight 
1,880 and 2,020 Gm.) and 2 females (weight 
700 and 730 Gm.) were each given 40 mg. of 
type A toxin per os diluted in a mixture of 
one part saline and one part 50 per cent AI.O,. 
The 2 females showed characteristic symptoms 
of botulinum poisoning three days after admin- 
istration and died in prostrate position duriug 
the fourth day following receipt of the toxin. 
The 2 males remained apparently healthy dur- 
ing the observational period of one week. 

Supplementary Experiment 3.—To ascertain 
whether the environmental temperature might 
have a marked influence on botulinum poison- 
ing, two groups of ferrets, 1 male and 1 female 
in each group, were each given 40 mg. of type 
A toxin per os. This experiment was carried 
out during the period November 19, 1948 to 
November 24, 1948, at which time the atmos- 
pheric temperature ranged from 22 to 46 F. 
One group was kept outside while the other 
group was kept inside at a temperature of 80 
to 85 F. 

Two days after treatment, the females in 
both groups showed symptoms of dullness and 
squinted eyes. On the third day, the female 
kept outside was prostrate and it died on the 
fourth day, while the female kept inside recov- 
ered by the sixth day. 

Supplementary Experiment 4.—Two groups 
of ferrets, consisting of 1 male and 2 females 
in each group, were given 40 mg. of type A 
toxin each by stomach tube. The males weighed 
1,150 and 1,200 Gm. and the females 490 and 
640 Gm. One group had been fasted for forty- 
eight hours, while the other group had not 
been fasted before treatment with toxin. 

One female in each group died three days 
after introduction of the toxin. Prostration 
preceded death in each. { 

Supplementary Experiment 5.—To determine 
whether spoiled food had any influence on the 
pathology of the intestinal tract of poisoned 
animals, two groups of ferrets, 2 males (weight 
1,130 and 1,200 Gm.) and 2 females (weight 
600 and 670 Gm.), were given decomposed meat 
after being fasted for forty-eight hours. To 
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the spoiled meat given one group, 40 mg. of 
type A toxin was added. None of these ani- 
mals developed any symptoms. 

Susceptibility of Mink to Purified Parabotu- 
linum Toxin Types A and B, Intraperitoneally 
and Per Os.—Nine pairs of mink were injected 
intraperitoneally with purified botulinum toxin 
in saline. Three pairs received the type A 
toxin and six pairs the type B texin. Two 
additional pairs serving as controls were given 
saline only by the same route (table 3). Twelve 
mink received purified A toxin suspended in 


TABLE !—Titration of the Minimum Lethal Dose of 
Types A and B Toxins in Mice 


Route m.1.d./mouse 
0.000001 mg. 
0.00001 meg. 
0.0000001 mg. 
0.00001 mg. 
0.000001 mg. 


0.00001 mg. 
0.0000001 me. 
0.000001 me. 
0.000001 mg. 


Date Type of toxin 


0.1 mg. 
0.01 meg. 
0.01 meg. 
Per os 0.01 meg. 
0.1 to 0.01 meg. 
0.01 mg. 
0.01 meg. 
0.01 meg. 


Per os 
Per os 
Per os 
Per os 


i.p. intraperitoneal. 


saline and mixed with the food. Two addi- 
tional mink serving as controls were given 
saline mixed with the food (table 3). Eleven 
mink received purified B toxin suspended in 
saline and mixed with the food (table 3). Each 
animal was kept in a separate pen. 

Symptoms and Issue in Mink.—None of the 
animals receiving 0.01-0.5 mg. of type A toxin, 
intraperitoneally, had developed any symptoms 
eight hours after injection, but all of them, 
except the controls, were found dead in pros- 
trate position eighteen hours after injection. 

All animals receiving 0.1 mg. or more of the 
type B toxin, intraperitoneally, manifested 
symptoms of dullness, ataxia, and finally 
paralysis during the day after inoculation. 
Each died in prostrate position from eighteen 
to seventy-two hours after inoculation. 

All animals receiving 40 or 50 mg. of A 
toxin per os showed slight symptoms during 
the fourth day after administration of toxin 
but recovered. One animal which had received 
60 mg. was found dead in prostrate position 
the morning after feeding the toxin. The 
other animal in this group developed symptoms 
of ataxia after two days but recovered. The 
animal which received 70 mg. of A toxin per os 
died after four days, without having shown 
any symptoms, and the 2 animals receiving 80 


i.p. 9/11/48 B 
i.p. 12/ 6/48 B 
Lp. 2/16/49 B 
7/16/49 B 


Fig. |—Normal mink spleen. x 75. Large, well-defined 
malpighian bodies with lighter germination centers. 


Fig. 3—Normal mink spleen. x 150. Large, well-defined 
malpighian body with relatively numerous lymphocytic 
elements. 


Fig. 2—Spleen of mink dead eight days after con- 
sumption of botulinum toxin type B. x 75. Ill-defined 
malpighian bodies. 


Fig. 4—Spleen of mink dead eight days after con- 

sumption of botulinum toxin type B. x 150. Remnant 

of a malpighian body and relatively few lymphocytic 
elements. 
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mg. were prostrate eight days after treatment, 
at which time they were killed. 

All the animals receiving 20 mg. or more of 
B toxin per os developed symptoms three days 
after consumption of the toxin. The symptoms 
were dullness, squinting of the eyes, paralysis 
of the membrana nictitans, urine soiling, and 
ataxia. The animals which received 50 and 
60 mg. of B toxin recovered, while all the 
others died from four to eight days after con- 
suming the toxin. 

Pathological Changes.—Necropsies were per- 
formed within one to six hours after death. 
The gross lesions were the same as described 
for the ferrets. The alterations in the mink, 
as in the ferrets, were more marked in animals 
which survived longest. 

Organ tissues were prepared for microscopy 
ir the same manner as the ferret tissues. The 
histclogical alterations were qualitatively the 


same in all animals. The livers showed hy- 
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peremia and hemorrhage with marked disten- 
sion of the capillaries and veins and some 
degeneration of the parenchyma. The lungs 
exhibited collapse of the alveoli and diffuse, 
rather extensive hyperemia throughout. In 
the cerebellum of some of the animals, a few, 
relatively small hemorrhages were found. 

The spleen of animals dead one to two days 
after administration of both toxins was filled 
with blood and extensive subcapsular hemor- 
rhages were present. Some of the follicles 
seemed to be necrotic, others revealed a peri- 
follicular hemorrhage. 

The spleens of mink dead on the fourth day 
after poisoning exhibited prominent lesions. 
The follicles were indistinct and, as a result of 
mononuclear cell hyperplasia, very few lymph- 
ocytes remained. In some places, there was 
considerable destruction and cnly fragments 
of the follicles and reticulum persisted. Sub- 
capsular hemorrhages as well as hemorrhages 


TABLE 2—Determination of Susceptibility of Ferrets to Botulinum Toxin Types A and B by the Intraperitoneal 
Route and Per Os ' 


A Toxin 


Meg. 
toxin 


Vol. saline 

Group* in inoe. Route Result 

001 1.0 ce. i.p. No symptoms 

010 .0 ce. i.p. Dead 24-72 hr. 
after inoculation 

ip. Dead 24 hr. 
after inoculation 
Dead 24 hr. 
after inoculation 
No symptoms 


.100 ec. 


.000 0 ce. 


Control ce. 


O8 No symptoms 


.000 O8 No symptoms 


5.000 ‘ Yr O8 No symptoms 


One died one 
day after toxin 
administration 
No symptoms 
Three females in 
group 7 died 
four days after, 
1 female in 
group 8, one day 
after toxin ad- 
ministration 
One female died 
one day after 
toxin adminis- 
tration 

Peros No symptoms 


10.000 


5and6 20.000 
Tand8 30.000 


10 000 


Control 
1 


1.0 ec. Peros No symptoms 


No symptoms 


Control 
2 3.0 ce 


Control 
3 


6.0 ce. No symptoms 


*Each group consisted of 3 males and 3 females 
700 to 1000. ip. intraperitoneal, 


B Toxin 


Mg. Vol. saline 


Group* toxin in inoc. Route Result 


No symptoms 
No symptoms 


1 0.001 
2 0.010 


1.0 ce. i.p. 
1.0 ec. i.p. 
0.100 No symptoms 


3and 4 1.0 ce. 


5 and 6 1.000 1.0 ce. No symptoms 
Dead in one to 
three days after 
inoculation 
Dead in one to 
three days after 
inoculation 

Dead in one to 
three days after 
inoculation 
Dead in one to 
three days after 
inoculation 

1.0 ce. i.p. No symptoms 


7 2.000 2.0 ce. 


3.000 3.0 ce 
4.000 4.0 cc. 
10 5.000 5.0 ce. 


Control 


5.0 ce. ip. No 
1.0 ce. Peros No 


symptoms 
symptoms 


Control 
1 1.000 


Three males and 
2 females dead 
three to seven 
days 

Two females 
dead four to 
seven days 

One female dead 
one to two days 
Killed nine days 


2and3 5.000 Per os 


4and5 10.000 2.0 ce. Per os 


6 20.000 4.0 ec. Per os 


7 40.000 
Control 
1 


4.0 ce. Per os 


1.0 ec. Per 0s No symptoms 


Control 


4.0 ec, Peros No symptoms 


‘ Weight range in grams: males, 900 to 1400, females 


in 
i 
| 
| 
2 
3 é 
4 1.0 ce. 
3.0 ce. 
4 40.000 1.0 cc 
i 
cc. 
| 
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in the pulp and follicles were seen. Quite a 
few multinuclear giant cells were present. In 
the spleen of the mink dead eight days after 
receiving the poison, only remnants of lymph- 
ocytes could be detected and very little of the 
normal lymphatic architecture seemed to re- 
main (fig. 2, 4, 6). All follicles were indis- 
tinct, the lymphocytes having been replaced by 
moncnuclear cells (fig. 6). 

The same type of alteration as seen in the 
spleens was present to some extent in the 
lymph nodes (fig. 8). All lymph nodes were 
hyperemic, and the blood pigment was largely 
taken up by the reticulum cells of the lymph 
sinuses. 

The lymph nodes of the animals dead at the 
fourth and fifth days after poisoning were 
characterized by almost complete disappear- 
ance of the lymphocytes, with a resultant very 
light cortex and clear centers in some cases. 

Scrutiny of the adrenal glands did not re- 
veal any marked alterations. Some signs of 
hemorrhage and swelling of the cells in the 
cortex seemed to be present, but conclusions 
could not be drawn as to the significance of 
these findings. 

Of the animals which received 40 to 50 mg. 
of B toxin and which showed symptoms, 2 re- 
covered. They were killed in apparently 
healthy condition on the tenth day. Neither 
gross nor microscopic lesions could be detected 
at autopsy. 

DISCUSSION 


In considering the differences in weight 
between the ferrets and mink used in these 
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experiments for determining the m.l.d. of 
botulinum toxin, types A and B, it was seen 
that at least 2 animals in each group had a 
weight beyond the heaviest animal in the 
previous group. Hence, to evaluate the unit 
weight susceptibility of the mouse, mink, 
and ferret, one has to use the weight of the 
heaviest animal in that group which was 
killed by the highest dilution of the toxin 
(table 4). 

When the m.].d. per gram for the mouse 
(in each case) was determined by survival 
of the animal, it was apparent that ferrets 
and mink were more resistant on a weight 
basis than mice, both per os and intraperi- 
toneally. It is interesting, however, that 
while both ferrets and mink were much 
more resistant to B toxin than A toxin by 
the intraperitoneal route, the contrary ap- 
peared to be the case when the administra- 
tion was per os. 

This fact appears significant when one 
considers that spores of type B Cl. para- 
botulinum are far more prevalent in the 
soil of the states of the middlewestern sec- 
tion of this country than are spores of the 
other types of this organism.® 1 11. 12, 13, 14 
The ferrets manifested considerably more 
individual variation in resistance to both 
types of the toxin than did the mink, not- 
withstanding the greater weight differences 
which were maintained among the ferrets 


TABLE 3—Determination of Susceptibility of Female Mink to Botulinum Toxin Types A and B by the Intra- 
peritoneal Route and Per Os 


A Toxin 


Vol. 
saline 
in inoc. 


No. 
ani- 
mals 


Meg. 
toxin toute Result 

Died eighteen’ hr 
after treatment 
Died eighteen hr. 
after treatment 


0.01 1.0 ce. ip. 


0.10 1.0 ec. 


B Toxin 


Vol. 
saline 
in inoc, 


No. 
ani- 
mals 


Mg. 


toxin Route Result 


2 0.01 1.0 ce. No 
toms 
Dead 


days 


i.p. visible symp- 


0.10 1.0 ec. within three 


The weight range in grams of the animals used, 600 


20.00 
30.00 
40.00 


50.00 


60.00 


70.00 


80.00 


i.p. 
i.p. 
Per os 
Per os 
Per os 


Per os 


Per ox 


Per os 


Per os 


Died eighteen hr. 
after treatment 
No symptoms 

No symptoms 

No symptoms 

Slight symptoms 
recovered 

Slight sympt»™ms— 
recovered 
One dead 
hr., the 
covered 
Dead after four 
days 

Prostrate after 
eight days—killed 
No symptoms 


eighteen 
other re- 


0.50 
1.00 
10.00 
10.80 
20.00 
30.00 
40.00 
50.00 
60.00 


1200. 


1.0 ce 


1.0 ce 
1.0 ce. 
1.0 ce. 
1.0 ee. 
1.0 ce. 


Per os 
Per os 
Per os 
Per os 
1.0 ee, 


1.0 ce, 


1.0 ce 


i.p. 


Dead after eighteen 
hr. 


Dead 
days 
Dead 
days 


within 
within 


No symptoms 
No symptoms 
Dead fourth 
Dead fourth 
One dead 
day, 1 
day 
Symptoms 
erec 
Symptoms 
erec 


Dead after five 


three 


three 


day 
day 
fourth 


dead eighth 


recov- 


- recov- 


days 


No symptoms 


intraperitoneal. 


| 
| 
i 
‘ 
2 1.0 ce 2 1.0 ce ip 
2 — 2 
1 
1 
1 ys Per os 


— 


Fig. 5—Normal mink spleen. x 300. One giant cell is Fig. 6—Spleen of mink dead eight days after con- 
seen. sumption of botulinum toxin type B. x 300. Giant cells 
generally seen in spleens of the poisoned animals. 


Fig. 7—Lymph node of normal mink. x 75. The lymph Fig. 8—-Lymph node of mink dead eight days after 

follicles well defined and numerous lymphocytic ele- consumption of botulinum toxin type B. x 75. Relatively 

ments, few lymphocytic elements and indistinct follicular 
architecture. 
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than among the mink. The mink appeared 
to be definitely more resistant per os to type 
A toxin than to type B toxin. In the experi- 
ments where the toxin was given in the 
food, some of the variability may be ascribed 
to the way the animals took their food. All 
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typified by tissue exhaustion as the poison- 
ing gained headway and in which the folli- 
cles and lymphatic tissue disappeared in 
conjunction with clumping of the reticulum 
and the appearance of many giant cells. A 
similar type of alteration was also found in 


TABLE 4—Comparison of the Susceptibility of Mouse, Ferret, and Mink to Botulinum Toxin Types 
A and 


Average 
weight, 
(Gm.) 


Type 
Route toxin Animal 


mouse 
ferret 
mink 
mouse 
ferret 
mink 


1520 
1000 
mouse 20 
ferret 


mink 1000 


mouse 20 


ferret 


Per os mink 980 


i.p. intraperitoneal. 


food was not consumed at once, but small 
portions from time to time. The food may 
have been dragged or carried around, thus 
some was lost through the netting of the 
cage. 

The two types of toxin caused similar 
symptoms in mink and ferrets. The first 
signs of poisoning were dullness, squinting 
of the eyes, urine soiling, and ataxia, with 
paralysis appearing as the intoxication pro- 
ceeded. Urine soiling, however, seemed to be 
more marked in poisoning with the B than 
the A type of toxin. The mink generally 
manifested few symptoms, and most animals 
were found dead in prostrate position with- 
out any symptoms having been detected. 
This phenomenon may, to some extent, be 
ascribed to the very wild nature of these 
animals, 

The time elapsing from injection to the 
development of symptoms and, also, the 
death rate seemed to be independent of the 
dose in the cases where the poisoning re- 
sulted in death. The time between inocula- 
tion and development of symptoms was gen- 
erally shorter for the B type than for the 
A type of the toxin. 

The gross lesions and the histological 
changes in the animals which died were the 
same for both types of toxin. The degree 
or severity of tissue alterations seemed to 
increase with the time of survival until 
death. 

The spleen showed a most unusual picture 


m.1.d. 


0.000001 
0.010000 
0.010000 


0.000001 
1.000000 
1.000000 


0.010000 
variable 
60-80 
0.010000 
variable 
20.000000 


Resistance per Gm. 
wt. based on mouse 
m.1.d./gram m.1.d. 


0.00000005 
0.00000060 
0.00000120 


0.00000005 
0.00060000 
0.00010000 


1200 
2000 
0.00050000 1 
variable variable 
0.06-0.08000000 120-160 


0.00050000 1 
i variable 
40 


variable 
0.02000000 


the lymph nodes but it was not so marked in 
degree or extent. 

The fairly constant finding of small hem- 
orrhages in the cerebellum of dead animals ° 
may well account for the symptoms of ataxia 
so often seen. Significant alterations were 
not found in the intestinal tract. Inflamma- 
tery changes of the gastrointestinal tract 
were absent, although such changes in con- 
nection with botulinum poisoning have been 
reported in the literature.*: °° A group of 
animals was fed 40 mg. of toxin admixed 
with spoiled food to evaluate a factor which 
might contribute to such a change. It was 
assumed that this might simulate condi- 
tions of food decomposition that might be 
associated with botulinum intoxication on 
fur ranches. Evidence of inflammation was, 
however, not detected in the intestinal tract 
at autopsy of these animals. 

To further orient these findings, 2 ferrets 
and 2 mink, fed fresh meat and apparently 
normal, were killed and the spleens and 
lymph nodes were examined. Both the nor- 
mal spleen architecture and lymph node 
architecture, as described for the Carnivora, 
were found in each species (fig. 1, 3, 5, 7). 
The follicles seemed to be smaller and more 
numerous, with fewer lymphoblasts in the 
mink spleens than in the ferret spleens. The 
follicles, however, were very distinct in both 
species, A few giant cells were seen in the 
apparently normal spleens, but they ap- 


i.p A 20 1 4 
ip A 840 24 
ip B 20 1 
4 — 
i.p. B 
Per os A 
Per os A 
Per os AC 
Per os 
} 
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peared to be the type with ring-forming 
nuclei. 

The female ferrets seemed to be more 
susceptible than the males to the toxins. 
This difference may be ascribed in part to 
the smaller size of the females. 

CONCLUSIONS 

Purified toxins of both types A and B of 
Clostridium parabotulinum’™ ** are quite 
stable at a temperature of 4 C., when kept 
in glass rubber-stoppered bottles in the 
dark. 

Both the mink and ferret are susceptible 
to the A and B types of toxin, the mink is 
relatively much more resistant to type A than 
B toxin by way of the oral route, while the 
mouse and the ferret both are equally sus- 
ceptible to the two types of toxin per os. 

Fasting, extremes of environmental tem- 
perature, as well as reduced stomach acidity 
have not been found in these experiments to 
favor the action of the toxin. 

Poisoning with parabotulinum toxin 
causes alteration of the spleen and, to some 
extent also, of the lymph nodes. This altera- 
tion is characterized by congestion of the 
spleen and necrosis in the center of the 
splenic follicles, follicular hyperplasia of 
mononuclear cells, disarrangement of retic- 
ulum, and the appearance of relatively nu- 
merous multinuclear giant cells as the 
poisoning progresses. Normal architecture 
is restored, however, shortly after clinical 
recovery from the poisoning. 

Considering the fact that any single 
symptom, as well as any single necropsy 
finding, is by no means specific, the whole 
symptom complex, together with the patho- 
logical alterations and the circumstances 
under which the disease occurs, gives a 
fairly good basis for diagnosis of botulism 
in the mink and ferret. 
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Studies on the Hematology of the Thoroughbred Horse. 
V. Sucklings 


A. C. TODD, Ph.D.; W. R. McGEE, D.V.M.; Z. N. WYANT, M.S.; 
K. P. HOLLINGSWORTH, A.B. 


Lexington, Kentucky 


PRESENT INFORMATION on the hematology 
of Thoroughbred foals rests mainly on the 
study made by MacLeod, Ponder, Aitken, 
and Brown,! who reported erythrocyte and 
leukocyte counts, hemoglobin content, and 
differential white cell percentages for a to- 
tal of 12 sucklings. Reference values for 
Thoroughbred foals are of primary impor- 
tance to this laboratory because of investi- 
gations conducted on the effects of anthel- 
mintic treatment on the physical well-being 
of horses.*:*»* In addition, such informa- 
tion is important in the diagnosis of cases 
of so-called jaundiced or icteric foals and 
in their prognosis, as well as in the diag- 
nosis of other anemic conditions. 

A series of studies on the hematology of 
Thoroughbred mares in foal, weanlings, 
stallions, and barren mares has been pre- 
sented previously by this laboratory.®:® 7 § 
These studies each reported values for the 
erythrocyte and leukocyte counts, hemo- 
globin content, packed volume of erythro- 
cytes, mean corpuscular volume, mean cor- 
puscular hemoglobin concentration, and dif- 
ferential counts, together with the ranges, 
median, mean and standard error, and stand- 
ard deviation for each value. This series of 
studies, based on working groups of horses 
as they were encountered in veterinary 
practice at breeding farms, necessarily re- 
mained incomplete. Data now have been 
accumulated on the blood picture of Thor- 
oughbred sucklings, another working group 
of horses at a nursery, The entire picture 
of the hematology of Thoroughbreds would 
require, of course, a study of yearlings and 
horses in training. 

The population of horses used in the 
present study is more restricted, and at the 
same time more intensive, than in the pre- 
vious studies. Twenty-eight foals, out of 19 
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mares, were examined over a three-year 
period. A series of blood samples were ob- 
tained from each suckling in a given year, 
so that the data presented rest on 217 indi- 
vidual examinations. 
METHODS 

The details of the methods used in this study 
are given in the first paper of the series.® 

This study was conducted with three succes- 
sive foal crops at one nursery; foals of 1948, 
1949, and 1950 are included. All samples were 
collected between 8 and 9 a.m., before the foals 
were turned out. None of the animals was 
twitched and every effort was made to take 
the blood sample without exciting the foals. 
The youngest foal bled was two days old; the 
oldest suckling was 182 days old. Because the 
samples were taken in series, the data have 
been presented by chronological age of the 
foals studied. 

RESULTS AND DISCUSSION 

The data relating to the range, median, 
mean and standard error, and standard de- 
viation for erythrocytes and leukocytes, 
packed cell volume, mean cell volume, mean 
corpuscular hemoglobin concentration, and 
hemoglobin are given in table 1. The same 
measurements for total leukocyte counts are 
given in table 2, along with measurements 
of the differential leukocyte percentages. 

Because the above measurements of indi- 
vidual values are not given by MacLeod and 
his co-workers,! comparisons between his 
data and ours can serve little useful pur- 
pose. Their data on erythrocytes per cubic 
millimeter all fall within one standard de- 
viation of ours; this is also true of their 
differential values for neutrophils and lym- 
phocytes. Our eosinophil percentages agree 
with theirs through our 9- to 12-week-old 
category but not thereafter. Our records of 
hemoglobin in grams per 100 ml. are con- 
sistently lower than the 14 Gm. given by 
MacLeod et al. The percentage of mono- 
cytes (7.0) recorded by the latter study is 
greatly in excess of the percentages re- 
corded by us. 


(364) 


| 


HEMATOLOGY OF THE THOROUGHBRED HORSE. V 365 

The immediate decrease in total erythro- counts. The mean cell volume was found to 
cyte count recorded in newborn human be-_ decline in the first twelve weeks after birth 
ings was not obtained in this study of and then increased slightly. No apparent 
Thoroughbred sucklings. The youngest foal change occurred in the mean corpuscular 
bled was two days old. hemoglobin concentration. 

The age groupings of the foals shown in The number of total leukocytes in circu- 
tables 1 and 2 are purely arbitrary. The lating blood were found to show a continu- 
groupings of 1 to 4-, 5 to 8-, 9 to 12-,13 to ous, gradual increase. Foals 1 to 4 weeks old 
19-, and 20 to 26-week-old foals were made averaged 8,250 per 1 cmm; foals 5 to 9 
in order to demonstrate a number of inter- weeks old averaged 10,850 per 1 cmm., while 
esting occurrences, First, the average num-_ those at 9 to 12 weeks averaged 13,750. 
ber of erythrocytes per cubic millimeter Foals 20 to 26 weeks old had an average of 
appears to increase from the youngest 14,050 (table 2). These figures exceed aver- 
group at 11,120,000 per cubic millimeter to ages previously reported by this laboratory 
a high of 12,640,000 in foals 9 to 12 weeks /(ibid.) for stallions, mares in foal, barren 
old. Thereafter, the average declines. An in- mares, and weanlings. The situation, in- 
crease and decrease of hemoglobin in grams _ cluding a moderate decline in the number 
per 100 ml. and the percentages of packed of neutrophils, is similar to data recorded 
cell volumes accompanied the erythrocyte by Kracke for newborn infants. 


TABLE !—Blood Picture of Healthy Thoroughbred Foals in Central Kentucky 
Mean 
Packed corpuscu- 
Hemo- volume of Mean lar hemo- 
Age grouping Erythro- globin erythro- corpuscu- globin con- 
and No. cytes Leukocytes lar volume centration 
a 


cytes (Gm./ 
samples Measure (10°/cmm. ) 100 ml.) (%) (10°/cmm.) (ca) 


1 to 4 weeks Range 9.09-14.20 11.0-13.9 33.0+43.5 4.80-11.35 27.46-37.80  31.94-34.84 

(10 foals, 

15 samples) Median 11.00 2. 36.0 8.25 32.72 33.23 
Arithmetic 11.12+0.384 2. ~0.255 36.19+0.794 8.36+0.519 33. 769 33.35+0.23 
mean and 
s.e.* 

Standard 1.48+0.282 0.98+0.180 3.07+0.561 2.01+0.364 0.92+0.168 
deviation 


5 to 8 weeks Range “2 5.2 10.9-14.1 32. a 6.30-15.70 27.27-35.70 30,63-36.08 
(14 foals, 
25 samples) Median 2.3 12,7 . 10.85 30.31 

Arithmetic 2.19 a 12.6+0.204 38. ) 10.61+0.583 31.48+0.471 

mean and 

Standard 216 1.02+0.145 3.494+0.495 2.86+0.412 2.36+0.333 

deviation 


9 to 12 weeks Range 9.60-15.00 10.7-16.0 32.1-49.0 9.40-21.60 26.25-33.99 29.88-36.34 

(19 foals, 

30 samples) Median 12.64 13.0 39.0 13.75 30.0 33.16 
Arithmetic 12.81+0.292 12.94+0.214 38.8+0.638 13.64+0.432 30.42+0.389 33.35+0.266 
mean and 

Standard 1.59+0.206 1.17+0,.151 3.49+0.451 2.37+0.305 2.13+0.276 1.45+0.187 
deviation 


13 to 19 weeksRange 9.30-15.20  10.1-15.9 31.0-47.0 9.35-19.25 27.50-34.92 29.44-42.50 

91 samples) Median 11.59 12. 36.0 13.45 30.89 33.42 
Arithmetic 11.83+0.141 2.2+0,125 36.3+0.351 13.67+0.225 30.80+0.161 33.60+0.234 
mean and 

Standard 1.35+0.099 1.19+0.088 3.35 2.14+0.159 1.53+0.114 2.01+0.167 
deviation 


20 to 26 weeksRange 8.52-14.19 9.9-13.8 28.5 ‘ 9.95-20.50 24.67-37.15 29.55-36.66 

56 aamphen) Median 10.50 11.7 34.5 " 14.05 31.7 33.23 
Arithmetic 11.11+0.193 11.7+0.119 35.14+0.396 14.534+0.304 31.684+0.322 33.38+0.197 
mean an 


Standard 1.44+0.136 0.89+0.085 2.9740.280 2.494+0.215 2.414+0.228 1.47+0.139 
deviation 


Tot: Range 52-15.3 9.9-16.0 23.5-49.0 4.8 
Arithmetic 2.240.073 36.54+0.220 13.1 
mean and 


-21.6 24.67-37.8 29.44-42.50 
240.153 31.240. 33.4540.113 


Standard 1.42+0.068 1.07+0.052 3.244+0.156 2.43+0.108  2.06+0.099 1.66+0.079 
deviation 


*Standard error. 
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SUMMARY 


1) The following over-all mean blood 
values with their standard errors are re- 
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the following mean percentages and stand- 
ard errors: neutrophils, 53.26+0.742; lym- 
phocytes, 42.16++0.742; monocytes, 2.37+ 


TABLE 2—Total Leukocyte Counts and Differential Leukocyte Percentages in Blood of Healthy 
Thoroughbred Foals in Central Kentucky 


Leuko- 
cytes* 
(108/emm. 


4.80-11.35 


Age grouping Neutro- 
and No. 
samples Measure 
re to 4 weeks 
(10 foals, 

12 samples) 


Range 


Median 
Arithmetic 
mean 

and s.e.** 
Standard 
deviation 


av. 
59.17+3.674 


2.01+0.364 12.41+2.598 


lange 6.30-15.70 41.5-73.5 
Median 
Arithmetic 
mean 

and 
Standard 
deviation 


5 to 8 
(9 foals, 
13 samples) 


weeks 


10.85 59.5 
59.11+2.499 


10.61+0.583 


2.86+0.412 9.90+2.030 


Range 9.40-21.60 33.0-62.5 
Median 
Arithmetic 
mean 

and f&.e. 
Standard 
deviation 


9 to 12 weeks 
(14 foals, 
24 samples) 48.0 


13.75 
13.64+0.432 48.56+1.785 


2.3740.305 


to 19 weeks Range 9.35-19.25 26.0-70.5 
foals, 


samples) 


13 
(17 
82 


55.5 


53.2+1.161 


Median 
Arithmetic 
mean 

and 
Standard 
lev iation 


2.144+0.159 10.51+0.821 


20 to 26 weeks 30.0-82.0 
(9 foals, 
53 samples) 


Range 9.95-20.50 
Median 
Arithmetic 
mean 

and 8.e. 
Standard 
deviation 


oe. 


14.05 
14.53+0.304 
9.65+0.936 


2.49+0.215 


26.0-82.0 
53.26+0.742 


Total Range 4. 
Arithmetic 1 
mean 
and s.e. 
Standard 
deviation 


8-21.6 
3. 153 
2.43+0.108 10.06+0.524 


*Based on counts of table 1. **Standard error, 
corded from a series of 217 individual ex- 
aminations of 28 Thoroughbred sucklings: 
erythrocytes per cubic millimeter, 11.77+ 
0.096 million; hemoglobin, grams per 100 

ml., 12.2++0.073; packed volume of erythro- 
cytes, 36.54+.0.22 per cent; mean corpuscu- 
lar volume, 31.20.14 cu; mean corpuscular 
hemoglobin concentration, 33.45+0.113 per 
cent; and leukocytes per cubic millimeter, 
13.12+0.153 thousand. 

2) The differential leukocyte counts have 


34.5-64.0 


“24.0-73.5 


Mono- Eosino- 
cytes 


(%) 


Lympho- 
cytes 
(%) 


19.0-62.0 0-3.5 


37.5 1.0 
39.08+3.684 1.46+0.309 0.29+0.132 


12.72+2.605 1.07+0.218 1.07+0.218 


0-4.0 0-1.5 


0.0 


37.5 2.0 x 
38.62+2.916 1.85+0.313 0.38+0.145 0.04+0.039 


10.49+2.058 1.13+0.221 0.51+0.099 0.14+0.027 


0-4.0 0-9.5 


0-0.5 


7.0 2.0 0 


: 2. 5 0.0 
+1.429 1.9+0.188 1. 


12+0.400 0.1+0.014 


8.374+1.237 0.9240.133 1.96+0.283 0.074-0.010 


0-0.5 


41.0 2.5 2.5 0.0 
42.041.175 53 2.38 0.05+0.056 


10.64+0.831 1.42+0.108 1.39+0.109 0.51+0.039 


15.0-68.5 0-13.5 0-10 


41.5 2.5 
+1.296 ).282 0.124 0.035 


41.2 3.0+¢ 


2.05+0.199 0,25+0.025 


0-1.0 
0.07+0.027 


0-10.0 
2.10+0.118 


10.06+0.524 1.61+0.084 1.60+0.083 0.37+0.019 


0.119; eosinophils, 2.1--0.118; and baso- 


phils, 0.07+0.027. 
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Susceptibility to Newcastle Disease Infection of Chickens 
Vaccinated with a Killed Virus Vaccine 


E. R. DOLL, M.A., D.V.M.; M. ELIZABETH WALLACE, M.S.; 
WILLIAM H. McCOLLUM, M.S. 


Lexington, Kentucky 


OBSERVATIONS ON the use of commercially 
available, killed virus Newcastle disease 
(ND) vaccines by Adler et al.,! Schoening 
et al.,7 and Bolin and Eveleth* indicated 
that exposure to virulent Newcastle dis- 
ease virus (NDV) caused both paralytic 
symptoms and fatal infection of some pre- 
viously vaccinated chickens. From their re- 
ports, it was evident that killed virus ND 
vaccines did not protect uniformly against 
NDV infection, The authors are not aware 
of experiments reporting a critical clinical 
observation and serological study of all 
members of a killed virus-vaccinated chicken 
population following experimental exposure 
to NDV. The study reported here was un- 
dertaken to ascertain if vaccination of 
chickens with a killed virus ND vaccine 


would induce a state of refractivity ade- 


quate for preventing infection with NDV. 
MATERIALS AND METHODS 


The chickens used in the first series of ex- 
periments (table 1) were hatched from eggs 
laid by hens which were vaccinated intra- 
nasally ten months previously with the Bl 
straint of NDV. There was neither clinical nor 
serological evidence of naturally occurring ND 
infecticn in the flock prior to vaccination or 
during the interim between the vaccination 
and collection of eggs for hatching. These 
chickens, therefore, probably received little or 
no passive protection from the egg yolk.:* The 
chickens employed in the second experiment 
(table 2) were hatched from eggs laid by hens 
which had no known infection or vaccination 
with NDV. The chickens were started in elec- 
trically heated brooders and, when 3 weeks old, 
were transferred to growing batteries. A com- 
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mercial baby chick starting mash was fed 
throughout the experiment. 

The vaccine employed in these experiments, 
a formalin-inactivated, aluminum hydroxide- 
adsorbed product of chicken embryo origin, was 
purchased on the open market. It was used ap- 
proximately six months prior to the label-ex- 
piration date. The vaccine was injected into 
the pectoral muscles, using doses of 0.5 and 
1.0 ce. The vaccinated and control chickens 
were raised together in the same battery until 
the challenge exposures were made. 

The GB strain of NDV employed fer chal- 
lenge exposure consisted of infective amnio- 
allantoic fluid harvested from dead embryos of 
the first and second passages of a reisolation 
from a chicken that died from contact expo- 
sure. Since facilities were not available for ti- 
tration of the challenge virus in chickens, only 
chicken embryos were used for determining 
the infectivity of the inoculum. Also, it obvi- 
ously was not possible to control the quantity 
of virus acquired by chickens exposed by di- 
rect contact and airborne contact exposure, 
which should simulate natural infection among 
battery-grown chickens. Unvaccinated control 
chickens were employed to obtain information 
on the pathogenicity of the dose of virus used 
for the intranasal challenge exposures and for 
mortality percentages resulting from contact 
exposure. For the direct contact exposures, 
chickens were placed in the same section of a 
growing battery with an equal number of in- 
tranasally inoculated birds. The total number 
was 6 or 8 chickens for each section of the 
battery. For the airborne contact exposures, 
a similar number of chickens was placed in 
separate sections of a battery or in a separate 
battery. After exposure, the chickens were ob- 
served daily, and an appraisal was made of 
the general condition and presence or absence 
of respiratory symptoms. Procedures for the 
hemagglutination-inhibition (HI) test and the 
serum-neutralization (SN) tests were described 
previously.’ 

RESULTS 


A group of experiments employing single 
and double doses of the killed virus ND vac- 
cine are summarized in table 1. In all in- 
stances, the dose of vaccine was 1.0 cc. in- 
jected into the pectoral muscles. One lot of 
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chickens was vaccinated at 4 weeks of age. 
Four weeks later, they were divided into 
groups, and 30 chickens were inoculated in- 
tranasally with 10° embryo lethal doseso 
(1.d.;9) of the GB strain of NDV. A group 
of 15 chickens was exposed by placing them 
in direct contact with the intranasally inoc- 
ulated chickens, and another group of 15 
chickens was exposed in separate sections 
of the batteries so that infection would be 
initiated by airborne transmission. Another 
lot of 4-week-old chickens was vaccinated, 
and a similar number of chickens, 30, 15, 
and 15, respectively, were subjected to in- 
tranasal inoculation, direct contact, and air- 
borne contact exposure three weeks later. 
Another group of chickens received two 
doses of vaccine, one at 4-weeks of age and 
one at 5-weeks of age. The challenge ex- 
posure was made two weeks later, three and 
two weeks following the first and second 
doses of vaccine, respectively. Mortality and 
the development of nervous symptoms oc- 
curred in previously vaccinated chickens in 
each of the groups listed in table 1. In some 
instances, the percentage of combined mor- 
tality and nervous symptoms resulting from 
contact and airborne exposure exceeded that 
from intranasal inoculation. Similarly, the 
percentage of mortality resulting from air- 
borne contact exposure exceeded that from 
intranasal inoculation in the control chick- 
ens. Daily examination of the chickens dur- 
ing a three-week period foilowing exposure 
disclosed symptoms of respiratory infection 
(sneezing, coughing, and rales) in almost 
every chicken of the vaccinated group. In 
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the majority of the surviving chickens, the 
infection appeared to be limited to the re- 
spiratory tract, but symptoms of systemic 
infection occurred in some. 

Serum-neutralization and HI tests were 
made on serums obtained one day before 
challenge exposure of the two lots of chick- 
ens receiving single doses of vaccine. The 
SN indexes varied from zero to 100 embryo 
l.d.s9, the majority of chickens having zero 
values. Hemagglutination-inhibition titers 
were less than 1:5 by the beta procedure 
in all of the vaccinated chickens. Three 
weeks after exposure, the serum of every 
surviving vaccinated chicken completely in- 
hibited agglutination at 1: 640, the highest 
serum dilution tested. Prechallenge serums 
from the chickens receiving two doses of 
vaccine had HI titers of less than 1:5 for 
all except 1 chicken, which had a titer of 
1:20. Three weeks after challenge expos- 
ure, all survivors had HI titers of 1: 640 
or greater. 

To eliminate the possibility of interfer- 
ence with immunization by passively trans- 
ferred yolk antibody which may have been 
obtained by chickens in the experiments 
cited above, another vaccination trial was 
made using chickens hatched from nonvac- 
cinated susceptible hens. In this study, the 
chickens received four consecutive intra- 
muscular injections of killed virus ND vac- 
cine. The doses were 0.5, 0.5, 1.0, and 1.0 cc., 
respectively, at the ages of 1, 2, 3, and 4 
weeks. Two weeks following the last dose 
of vaccine, the chickens were exposed to 
virulent NDV. Twenty chickens were inocu- 


TABLE I—Results Obtained from Three Methods of Challenge Exposure of Chickens Previously 
Vaccinated with a Killed Virus Newcastle Disease Vaccine 


challenge 


No. chickens 


5* 
4and5 
Unvaccinated 
controls 
Unvaccinated 
controls 


No. deaths 
No. with 

is 
symptoms** 
Survivors 


ay “3-3 


7Chickens used in these experiments were hatched from hens vaccinated intranasally with 


the Bl strain of Newcastle disease 
vaccine separated by a seven-day interval. 


contact exposure. 


virus ten months previously, 


*Two consecutive doses of 


**Chickens showing symptoms of impaired function 
of the nervous system at three weeks after exposure. IN = 
AC = airborne contact exposure, 


intranasal inoculation. DC = direct 


| 
Es 
| | 3S _ Sx SES 
SES Ags BESS 
30 4 4 IN 1 26 
15 4 4 Dc 1 10 
15 4 4 AC 0 il 
‘ 30 4 3 IN 1 26 
15 4 3 DC 1 10 
15 4 3 AC 0 13 
20 3 and 2 IN 2 11 
20 3 and 2 AC 3 14 
32 ere IN 2 1 3 
20 es aes 7 AC 19 0 1 
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lated intranasally with 10° embryo l.d.59 of 
the GB strain of NDV, 20 chickens were 
exposed by direct contact with those inocu- 
lated intranasally, and 20 chickeas were 
subjected to airborne contact exposure. Ex- 
amination of table 2 shows that there was 
only a slight difference in the total mortal- 
ity and nervous symptoms among the vac- 
cinated chickens from the three methods of 
exposure. Also, the total mortality and 
nervous symptoms from direct contact ex- 
posure exceeded that from intranasal inocu- 
lation. Individual examination of the sur- 
viving chickens disclosed that every chicken 
developed symptoms of respiratory infec- 
tion from five to twelve days after exposure, 
regardless of the method of exposure to 
which each was subjected. Determination 
of the HI activity of individual samples of 
serum from the vaccinated chickens ob- 
tained on the day prior to exposure resulted 
in HI titers ranging from 1 : 80 to 1 : 320. 
The average preéxposure HI titer for the 
group inoculated intranasally was 1 : 186, 
that for the group exposed by direct contact 
was 1: 200, and that for the group exposed 
by airborne infection was 1: 260. Three 
weeks after exposure, the HI titers varied 
from 1:1,280 to 1: 10,240. The average 
postchallenge Hi titers were 1: 3,256, 
1: 2,470, and 1: 3,008, respectively, for the 
intranasal, direct contact, and airborne con- 
tact groups. 


DISCUSSION 


In the experiments reported here, neither 
single nor multiple vaccination.of chickens 
less than 5 weeks old with a killed virus ND 
vaccine entirely prevented fatal infection 


TABLE 2—Results Obtained from Three Methods 


Vaccinated with Four Doses of a Killed Virus Newcastle 


No. chickens 
vaccination 
Weeks from 


(weeks) 
Age of 


| chickens 


Age at 


1, 2, 3, 
1, 2, 3, 
nated 
controls 
Unvaccinated 
controls 


4 
4 
4 


Unve 


+*The chickens used in this experiment were hatched from susceptible hens 
0.5, 1.0, and 1.0 cc., respectively, at ages of 1, 2, 


doses were 0.5, 


inoculation. DC = direct contact exposure. AC 
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or symptomatic infection of the nervous 
system by the GB strain of NDV. The per- 
centage of mortality plus nervous symptoms 
resulting from challenge exposure was com- 
parable in groups of chickens previously 
receiving a single dose of vaccine and in 
chickens receiving vaccine at weekly inter- 
vals until two or four doses were given. 
Also, no appreciable difference in mortality 
was obtained following vaccination and 
challenge of young chickens hatched from 
nonvaccinated susceptible hens and from 
hens vaccinated intranasally ten months 
previously with the Bl strain of NDV. 

In a previous study,® it was observed that 
chickens vaccinated intranasally with the 
Bl strain of NDV rapidly lost their HI 
titers and became susceptible to infection 
of the respiratory tract within seven weeks 
after vaccination. The Bl-vaccinated chick- 
ens resisted fatal infection, but developed 
symptoms of respiratory infection, yielded 
positive isolations of NDV from tracheal 
swabs, and showed a marked increase of HI 
titers following intranasal inoculation and 
contact exposure. In the light of these find- 
ings, we considered it unnecessary to at- 
tempt virus isolation from the chickens em- 
ployed in this study. A marked increase of 
the HI titer and the occurrence of symp- 
toms of respiratory infection were regarded 
as adequate evidence that the challenge 
virus had become established and multiplied 
in the respiratory tract of the chickens 
previously vaccinated with the killed virus 
ND vaccine. Although the chickens em- 
ployed in the first series of experiments 
(table 1) were not examined individually, 
critical observation indicated that almost 


of Challenge Exposure of Chickenst Previously 
Disease Vaccine 


Method of 
exposure 
symptoms** 


(weeks) 
Survivors 


No. with 


*The vaccine 
intranasal 
chickens 


3, and 4 weeks, IN 
= airborne contact exposure, ** = 


showing symptoms of impaired function of the nervous system at three weeks after exposure. 
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every bird developed symptoms of respira- 
tory infection. Without exception, every 
surviving chicken previously receiving one 
or two doses of killed virus ND vaccine had 
a marked increase in HI titer, providing 
evidence of invasion of the tissues by the 
challenge virus. With both the single and 
double doses of killed virus ND vaccine, 
protection against fatal infection was ob- 
tained in the absence of demonstrable cir- 
culating antibody. 

All chickens of the group receiving four 
doses of vaccine (table 2) developed signifi- 
cant HI antibody. Live virus challenge 
employing the GB strain by intranasal inoc- 
ulation and contact exposure, however, re- 
sulted in fatal infection of chickens having 
HI titers ranging from 1:80 to 1: 320. 
Daily examination of the individual] chickens 
following challenge exposure revealed symp- 
toms of respiratory infection in every sur- 
viving chicken. Also, all survivors showed 
a great increase of HI titer at three weeks 
after exposure, providing further evidence 
of an active infection. Apparently, such in- 
fection with the GB strain of NDV may 
occur at all periods after vaccination with 
killed virus ND vaccines possessing immu- 
nizing qualities comparable to that of the 
vaccine used in these experiments. 

The failure of the killed virus ND vaccine 
to provide protection against infection of 
the respiratory tract in these experiments 
suggests limitations of products of this type 
in the control of ND. The absence of protec- 
tion against respiratory infection following 
administration of four doses of vaccine 
given at weekly intervals indicates that it 
is unlikely that field vaccination with a sin- 
gle dose of killed virus ND vaccine could 
be expected to establish immunity adequate 
for preventing infection of the respiratory 
tract by virus strains having the infective 
potential of the GB strain. The possibility 
that high pathogenicity may not be neces- 
sary for such infection to occur was shown 
by successful reinfection by NDV strains 
Bl and Ky-50 in chickens previously vac- 
cinated intranasally with the B1 strain.® 
Although protection against fatal infection 
may be obtained as a result of killed virus 
vaccination, the procedure may not provide 
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an effective barrier against acquisition of 
active infection by previously vaccinated 
birds and possibly further transmission to 
similarly or fully susceptible chickens. 
Killed virus ND vaccines having antigeni- 
city comparable to that used in these experi- 
ments apparently will not provide a fully 
effective means of limiting or preventing 
the spread of outbreaks of ND, but they 
may be useful in reducing losses. It appears 
that a similar, though probably lesser, de- 
gree of susceptibility to respiratory infec- 
tion exists in chickens four to eight weeks 
after intranasal vaccination with the living 
B1 strain of NDV.® Conditions under which 
similar infection may occur following vac- 
cination with the more virulent, wing-web, 
live virus vaccines apparently have not been 
determined. 


SUMMARY 


Chickens were found to be susceptible to 
infection of the respiratory tract by the 
GB strain of Newcastle disease virus at 
periods of three to four weeks after single 
doses of a killed virus Newcastle disease 
vaccine intramuscularly and at two weeks 
after four consecutive doses at weekly in- 
tervals. Although a high percentage of 
vaccinated birds were refractory to fatal 
infection, every chicken exposed by intra- 
nasal inoculation, direct contact exposure, 
or airborne contact exposure acquired in- 
fection of the respiratory tract. 
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Major General William FE Dean, of Berkeley, 
California—Medal of Honor. In the hard early days of the Korean War, when it 
was Red armor against American rifles, General Dean chose to fight in the most 


seriously threatened parts of the line with his men. At Taejon, just before his posi- 
tion was overrun, he was last seen hurling hand grenades defiantly at tanks. 
General William Dean knew in his heart that it’s every man’s duty to defend 
America. You know it, too. The General’s job was in Korea and he did it superbly 
well. Your defense job is here at home. And one of the best ways to do that job is to 


start right now buying your full share of United States Defense* Bonds. For 
remember, your Defense Bonds help keep America strong, just as soldiers like 
General Dean keep America safe. And only through America’s strength can your 
nation ... and your family ... and you... have a life of security. 

Defense is your job, too. For the sake of all our servicemen, for your own sake, 
help make this land so powerful that no American again may have to die in war. 
Buy United States Defense* Bonds now—for peace! 


Remember when you’re buying bonds the Payroll Savings Plan where you 
for defense, you’re also building per- work, or the Bond-A-Month Plan 
sonal cash savings. Remember, too, where you bank. For your country’s 
if you don’t save regularly, you gen- security, and your own, buy United 
erally don’t save at all. So sign up in States Defense Bonds! 


*ULS. Savings Bonds are Defense Bonds - Buy them regularly! 


The U. S. Government does not pay for this advertisement. It is donated by this publication in 
cooperation with the Advertising Council and the Magazine Publishers of America as a public service. 
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